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ABSTRACT 

This report covers progress on NASA Project HCM^OSl to 31 Mar 1981. 
Nearly 1000 standard Infra-red photographic images have been received 
and of these, 273 images have been received on computer compatible 
tape (CCT) . It proved necessary to digitally enhance the scene contrast 
to cover only a select few degrees K over the photographic grey scale 
appropriate to the scene-specific range of SST. 178 images have been 
so enhanced. Comparisons with sea truth are made and we conclude that 
SST, as seen by satellite, does provide a good guide to the ocean 
currents and eddies off East Australia, both in sunsner and winter. 

This is in contrast, particularly in summer, to SST mapped by surface 
survey, which usually lacks the necessary spatial resolution. 
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16. Abitrpct . . _ ! 

This report covers progress on NAS.A Project HCM-051 to 31 Mar 1981. j 
Nearly 1000 standard infra-red photographic images have been received | 
and of these, 273 images have been received on computer compatible \ 
tape (CCT) . It proved necessary to digitally enhance the scene contrast 
to cover only a select few degrees K over the photographic grey scale " 
appropriate to the scene-specific range of SST. 178 images have been ! 
so enhanced. Comparisons with sea truth are made and we conclude that; 
SST, as seen by satellite, does provide a good guide to the ocean ^ 
currents and eddies off East Australia, both in summer and winter. 

This is in contrast, particularly in summer, to SST mapped by surface ■ 
survey, which usually lacks che necessary spatial resolution. 
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l. AIMS OF PROJECT HCM-051 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Iht prlacry aio of chls «xp«rlnienc Is co determine whether the 
Heet Capacity Mapping Mission (HCMM) satellite Infre^red (IR) Imagery 
shows sufficient correlation with oceanographic sub-surface structure In 
the western Tasman Sea to provide a method of mapping the major currents 
In the area. There are two parts to this : firstly, the Imagery must 
adequately show the sea surface tesqierature (SSI); secondly. It is 
necessary to show that the SST adequately shows the major currents such 
as the East Australian Current (EAC) and Tasman Front. 

A num.er of studies elsewhere (e.g. La Violetta, Stuart and 
Vermillion, 1975) have shown that small changes in the grey shadings in 
Infrared Imagery do represent actual variations In SST. There were some 
serious doubts about the second part of this aim, however, particularly 
In summer when the interaction between the deep structure and SST can be 
hidden by newly warmed water. Further, past classical studies had 
Indicated that there was little correlation between SST and deep 
structure (e.g. Hamon, 1968; Hamon, 1963). 

Associated alms of this experiment, dependent on the primary aim 
being achieved, are to study the formation and evolution of mesoscale 
ocean eddies and to obtain a time series picture of the principal ocean 
fronts off East Australia over the period May 1978 - May 1979. The 
area covered by HCMM Imagery for this project Is shown In Fig. I. 


2. SATELLITE STANDARD PRODUCT IMAGE DATA RECEIVED TO DATE (31 MAR 81) 
An edited list of data for which standad (un-enhanced) Images 
have been received is given in Apendlx C. The list is subdivided on the 
basis of Image priority and status of computer-compatible tape (CCT) 
orders. A total of 952 standard IR photo, images have been filed, of 
which 140 have been classified as of no use to this project (priority 
"0") and a further 91 images are repeats, leaving 721 images of all 


I 


ORtQINAL PAGE IS 

u««£ul prlorlelts (AAv A «nd Bi)m Ast«s«B*ac of laug^ 
discuss «d in Appendix A« Fifcy sight of these iaeges have been 
classified as of "low yield" (tasrked "R" for reject in the priority 
column) because of the small useful area of ocean surface visible* 

* leaving a total of 663 IR (non-repeat) useful images of adequate quality 
to warrant further processing. The list of 717 images in Appendix C 
excludes the priority "0" images, but includes 21 of the repeats and 33 
"low yield" images. 

The distribution of these 663 Images throughout the period May 
1978 - May 1979 can be shown in an array of satellite cycle number 
(1-25) versus reference day (0-15 within each 16 day cycle). This is 
given in Table 1, where the number in each location is the number of 
useful IR images for that day. The intervals marked ... correspond to 
periods in which sea truth data were obtained. Such sea truth data stay 
or may not correspond in location to the HCMM imagery. 


3. Tm NEED FOR CONTRAST ENHANCEMENT 

In soma eases, for example scemc 124-1507-3 which is shown 
enhanced as Fig. 9 (images are shown positive, that is cold is white, 
warm is black), the oceanographic SST structure can be seen reasonably 
adequately in the standard product imagery . In other cases, for 
exao^le scene 097-1504-3, no SST structure at all can be determined from 
the standard products. That scene is shown as standard and also 
enhanced in a previous report (Plates 2 and 3 in HCM-OSl Progress Report 
to 31 Aug 80, Nilsson et al., 1980b). The crux of the problem lies in 
the manner in which the photographic grey scale is assigned. According 
to the HCMM User's Guide (Second Revision October 1980 p 86), a radiance 
histogram is determined for the whole scene and upper and lower radiance 
values are obtained at the 99. SX and O.SX cumulative values. A linear 
contrast stretch (lower limit ■ 0, upper limit ■ 255) is applied to the 
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Table 1. The distributlori of 663 useful standard product Images as a 
function of satellite cycle and reference day. Cycle I Ref. 
day 0 Is 27 April 1978. 
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St* truth, dttt obtalntd wholly or 
ptrtly la support of Project HCM-OSl. 
Th« crulttt prefixed with "SP” ere 
CSIRO cruUes uclag R.V. SPRIGHTLY. 
The weetem boundery of eech cruiee 
ere* le eeeumed to be the eeet coeet 
of Auetrelle; "EAST LONG" le the 
epproxlatete eeetera boundery of the 
cruiee or survey ereee. 
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data bafot* laagt ganartcioR* Hew, with rafaraaea ee cha original 
radianca valuae 0-25S, If tha iaaga concalaa appraclabla cloud, at la 
ganarally cha eaaa, cha lowar liaic will ofcao ba cloaa co 0 (Kd 
caaparacura 2b0«0 K)> For iaagaa of uta co chit projacc, cha uppar 
llaic will ba aac bp cha warcMac SST» Typicallp chla will ba 283 K, 
balng warMac for cha oorthamaoac iaagaa. Tha gray aeala la uniforaly 
divldad Into alxeaan acapa bacwaaa cha uppar and lowar lialca. For 
aeana 097-1304-3 (no SSI acruecura vlalbla) cha acandard laaga waa 
apraad acroaa 1-86 (260.3 - 286.1 R), chat la aeroaa 23.6 K, wharaaa for 
acana 124-1307-3, cha cloud waa ^parancly lower and cha 0.32 lialca 
w«ra 11-39 (264.9 - 283.6 K). Thua cha gray aeala covacad a caaparacura 
ranga of 18.7 K. Obvloualy, cha aaallar chit ranga, cha eora chanca of 
aaaing SSI acruccura in cha acandard produce. Thla charafora dapanda on 
Cha lacicuda of cha laaga, cha incanalcy of cha ocaanographlc fronca and 
cha praaanca or ocharwiaa of high laval cloud. Evan in favourabla 
circutMcancaa, cha baac ona can hqpa for ia about 1 E par gray aeala 
acap (i.a. 1/16 cecal ranga). 

Saving aaan aoaaehlng in cha iaaga, ona chan facaa cha problaa of 
comunleacing chla to oehar paopla. Ulcloacaly, Chla involvaa 
rap reducing cha iaaga, ganarally through a half-cona co aooa final 
printing /copying proeaaa. Ona la ludely co and up wich 4-6 diacarnabla 
conaa in cha finiahad product. Ac chla laval, cha acandard ioagaa will 
only (on rapreduccion) ahewa fronta of at laaac 4 K, which la 
inaufficianc by about a factor of 4. Our praaanc undaracanding of cha 
ocaanography of cha EAC araa ia auch chac ona naada co aaa down co 0.3 E 
and ba abla co raproduca for wldaapraad vlawing ehangaa of 1 K. 

Tha iaagaa raproduead in chie raporc hava all baan anhanead ac 
0.33 K par gray aeala acap. Tha uaaful portion of cha gray aeala at cha 
cioM cha anhanead isMga ia ac\idiad covara about 10 acapa. Tha raadar 
nay daeida for hln/baraalf how oany aaparabla acapa hava aur^lvad cha 
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rtpredueelea prec«M la chit doeuaaac 


4. DCVELOPMEST OF MITHODS 


BahaacaoMae ae 0«33 K par trap aaaaa raaaoaabla for SQM laafarr* 
Tha aoaiaal aelaa flpura for eha data (iael* calaaaery) la 0<4 
Allevlaf for eha face ehae eha aya vlll laeagraea ovar a aui^ar of 
plxala* to raduelat tha appaeaae aolaa laval* oaa ahould ha abla eo 
aahaaea dowa eo or balov eha aoaiaal aelaa flfura* Solaa '*aa ba aaaa 
acroaa eha prlalq>al addy (addy J) la Flf. 14» bue le la aoe oberualva. 
Ac aay plvaa laeleuda, eha apraad of SSI acroaa eha 800 ka of iaa$a 
wideh la eypleally aboue 3*4 R. Thua a black aad vhlea laaga caa ba 
gaaaraead vleh aboue 9-12 gray acal#< aeapa (baevaaa black aad vhlea) ae 
0<33 C par atap cevarlcg ehae raaga ot SST. The plccura la coapllcaead 
by eha face ehae SSI varlaa wieb laeieuda aad a BQM laaga cevara a 
lleela aora ebaa 6 laeieuda* la eha EAC araa, eha SST al^e chaaga up 
eo 3 R vleh whla laeieuda chaaga. To aceoaaodaea ehia chaaga vleh 
laeieuda* auparl^poaad oa vhlch ehara la eha 3-4 R aaaoacala varlaelon, 
Boae cf eha iaagaa aahaacad aarly la eha prejace vara dona ae 0*5 R par 
gray acala aeap* That la, for aach laaga a suieabla ald-raaga 
ca^araeura (MKI) vaa obealaad from eha CCT aad eha Image vaa dlgleally 
aahaacad auch ehae 10 ■ MSI-7.0 R aad 23 3 • MSI ■f2.3 R. Oaealla of ehlt 
procedure vara glvao In eha flrac HCM-031 Frograaa Sapore (Mllaaon ae 
al. pp 28-30, 1980a). Such a procaaa raaulead la eha uaaful porelon of 
eha gray acala covering aboue 10 aeapa ovar eha raaga (ae 0*3 R par 
aeap) KBli2.3 R. le vaa apparanc, hovavar, ehae avan higher 
conaeraae vaa naadad for auccaaaful raproducelon of many of eha SST 
faaeuraa of loearaae. For axaopla, la Sacelon 8 ve di>acuaa addy F, 
vlaibla la Fig. 14 aa a rlug of allghely varmar vacar aboue 230 km 
dlamaear caaerad aboue 36:30 S 132 E. Thla rlag vaa only barely 
vlaibla eo eha eralnad aya vhaa eha image vaa flrae aahancad ae 0*3 R 
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p«r st«p, buc b«coMs ood«rac«l 7 elaar ae 0*33 R p«r stap* 

The bast nld-raage Ceoperature (M5T) to use will generally 
decrease with increasing latitude for any given image* It is not a 
rapid function - about 0*6 K per degree of latitude would be typical* 
Fig- 2 shows the mean temperatures in August down 160 E at 25m and 2S0m 
depth* At 25m (say SSI), the mean tesqierature drops 9 C in 15 
latitude* Note that apparmt HCMN tes^eratures will be ab<xit 10 C less 
than these, because of the 5*5 C calibration offset and about 4 C loss 
through atmospheric absorbtion* 

If we consider the HCMM images in their 'uncut' form, chat is, as 
a continuous 800 km wide swath from 25 S to 45 S, it is clear that no 
single MBT value will accommodate the necessary contrast enhancement* 

The solution is to allow the MRI value to vary continuously with 
latitude - this is simply the equivalent of removing Che overall troid 
in temperature with latitude and leaving, for enhancement, the mesoscale 
anomalies* The first crude approximation of this is Co use separate 
but constant MBT values for each image (decreasing with higher latitude) 
which at least leaves each separate image with a grey scale that is the 
equivalent of an absolute temperature scale* Ac 0*33 K per grey scale 
step, however, as we have seen, each image covers too much latitude for 
the dynamic range of a black and white photographic image* Also, if we 
attempt to recreate the original uncut image (2200 x SOO km) by placing 
successive enhanced images together, the grey scales will not match at 
Che boundaries* If, however, we allow MRT to vary continuously with 
latitude, these problems are solved* Consider the pair of scenes 
125-1523-3 (Fig* 10) and 125-1525-3 (Fig. 11). In scene 125-1523 the 
MSI value has varied linearly from 9*3 C (HCMM temperature) at the top 
of the image down to 7*7 C at the bottom. The next scene, 125-1525-3 
(Fig. II) has been anhanced around a MIT value which varied from 7.7 C 
at Che Cop of the image (to match the boundary with the preceding image) 

PAGE 
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down Co S.3 C ac cha bottom* By doing this, nota chat both Imagaa show 
Che SST variaclons wlchln a useful part of Che grey scale both ac Che 
cop and boccoa of Che Images* The price of this technique is chat chc 
grey scale no longer represents a simple absolute temperature range, but 
rather one chat varies with latitude* The image is no longer a simple 
represeicaclon of absolute temperature, but rather one of temperature 
anomaly * 

Images so enhanced have the caption reading "art varying from*** 
co.**deg". All the Images shown here have used 0*33 C per grey scale 
step* The power of this technique to show the SST structure down the 
whole image is illustrated well by Fig* 7, which utilises a change of 
3*3 R in MRI. Even a change in MRI of 3 K from top to bottom of one 
image is only a change of 0*0035 K per line. We have stepped the MB! 
value every 20 lines, which, for such a change, amounts to steps of only 
0*07 R. These steps are obviously not visible on the resultant images* 
As outlined above, the MRI value is constrained to a constant 
gradient with latitude down each image, generally changing gradient at 
Che north/souch boundaries of each image* While the real variation of 
mean temperature with latitude can quite reasonably be appro ximted in a 
piecewise linear manner, the changes of gradient in general will not 
best be made at the arbitrary boundaries of each image* For example, in 
Fig* II, the warmest SST occurs in the eddy about half-way down the 
image* The result of allowing the MRI value to decrease linearly from 
the bottom value of the preceding image (Fig. 10), that is 7 7 C, to the 
bottom value of Che image in question (Fig. 11), chat is 5.3 C, is to 
have an MRI value of about 6.4 C in the vicinity of the eddy, which 1s 
too low. The image has saturated in the vicinity of the eddy in this 
scene, causing loss of detail, particularly near the coast north of the 
eddy. Images are now enhanced by allowing the MRT value to vary in a 
piecewise linear manner with latitude as before, but its value is 
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•p«ielfi«d «c eh« cop, boccon tnd ac soma Inearmadlaea liaa nunbar down 
Che leaga* Thus changas in MBX gradient (although always keeping MBT 
monotouic with latitude) are allowed at an incemedlate line nuQber< In 
Fig* II for exaniple, a break point in the gradient should ha^c taken 
place halfway down the image, not at the top* We are presently studying 
nore thoroughly the way in which SST - as observed by HCMM - varies with 
latitude so that the enhancement parameters can be related in a regular 
manner with latitude and time of year* This is beyond the scope of 
this report. 

OF POCR QUALITY 

5. THE AVAILABLE DATA SST 

Table 1 listed the 663 potentially useful HOW scenes over the 
period May 1978 - May 1979 for which CCTs could sensibly be ordered* 
However, that number proved too many for either NASA/GSFC to deliver or 
for us to process* Hence, although this number was not known to us at 
the start of CCT processing, it was quickly apparent that a priority 
system would have to be applied* Late in 1979, when only a small 
portion of the standard products had been received, it was simply a 
matter of classifying images as "good" or "bad"* CCTs were ordered for 
"good" images. There were no real guidelines for how many CCTs could be 
ordered or processed* Most of the early images processed subsequently 
came to be assessed as priority B, the lowest and marginally most cotomon 
rating* Early in 1980, when the number of CCTs likely to be ordered was 
seriously questioned on both sides, the present three-level priority 
system (AA, A and B) was quickly developed* Since Chen, no more 
priority B images have been ordered as CCTs* The highest priority was 
assiged on the basis of potential comparison with sea truth data, as is 
explained more fully in Appendix A* Such comparisons were held to be 
Che most important aspect of the project. Standard product data seemed 
to arrive in more or less random groups. The same comment applies to 
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CCT d«e«> Aecachlag prlorleits to placas of * Jlgoov pusslo of unkoovti 
sizt AQd coaeone choc art appoorlng candonly is a vary chancy maccar# 

Ona is navac qulca aura vhac will cum ouc co ba Imporcanc* This la noc 
oaanc as a projacc criclclsm, rachar ic is a noca of axplanaclon of cha 
faccors chac dacamlnad cha daca sac of anhancad Imagas avallabla for 
chla raporc* Tha ai^hasis la on comparison wlch aaa cruch rachar chan 
following Cha moac axclclng avancs chac wa happanad co saa< 

All 178 Imagas anhancad Co daca ara llscad In an array of 
aacalllca cycla v> sacelllca rafaranca day in Tabla 3« Cycla 1 day 0 la 
27 Apr 80« Tha parioda oarkad •«. Indlcaca whan saa cruch daca wars 
obcalned somawhara* The cable has no provision for geographical 
location, so in oiany cases coincidence of position is lacking for 
comparison with sea criCh. 

Tabla 4 shows Che dlscrlbucion of Che 117 useful scandard produce 
images chac contain the poslclon 33 S, 153 E which is Just offshore of 
Sugarloaf Pc> It Is in chls vlclnlcy chat Che EAC mosc often leaves che 
coasc (Godfrey ae al., 1980), so chess Images ara of particular 
incerasct Because of cha poslclon constraint, ona can see chac certain 
rafaranca days ara favoured (a«g« raf> 9,10,11) and for others cha 
ground pach docs not allow an image (a.g. 7,8)* The parioda of saa 
cruch oarkad In cha table have now bean selected on the basis of Che 
survey area containing cha poslclon in quascion, namely 33 S 153 E« 

Thus, with raspace to cha aim of observing cha EAC, Tabla 4 shows cha 
parclnanc fCandard produce daca sec* If wa now confine ourselves to 
chose images in Tabla 4 chat have bean enhanced, Cha list bacooas 
rescriccad co 38 images dlstrlbuccd according Co Tabla 5. Thus, we have 
enhanced about ona in ehrae of tha ralavant Imagas and, on cha average, 
chare is one relevant image (sufficiently cloud^fraa co be useful) every 
chraa days. Tha anhancad sec presently consists of abwic one image 
every nine days dlscribucad praf erencially cowards che periods of sea 
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Table 3. 


The distribution of the 178 enhanced images as a funtion of 
satellite cycle and reference day. Cycle 1 ref. day 0 is 
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Table 4. The distribution of the 117 useful standard images that contain 
the position 33®S, 153®£ as a function of satellite cycle and 
reference day . 
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Table 5. The distribution of the 38 enhanced Images that contain the 
position 33*S, 153*E as a function of satellite cycle and 
reference day. 
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Table 6. The distribution of the 97 useful standard images that contain 
the position 33*S, 1S9*E as a function of satellite cycle and 
reference day. 
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Table 7. The distribution of the 33 enhanced images that contain the 
position 33® S, 159® E as a function of satellite cycle and 
reference day. 
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erueh* Tto of tho iMtot roproducod la this raport art froa chit ste* 

Xf wo eonoidor on orao furehor oooc, oojr 33 S 159 E» ehoro oro 97 
tttoful teonoi dlserlbueod oo ohowa la Toblo 6* Ic lo la this orto chat 
va would ba look co crack tha Taanan Front awap froa land* A|ala» about 
ona in chraa of cbaaa hava baan aahaaead, aaaaly 33 aeanaa dlacrlbutad 
aa ahowa la Tab la 7* Noca that tha aaa truth la auch aora llaltad than 
that cloaar to load* Tabla 6 ahowa tha dlatrlbutloa of aeanaa that wa 
alght hopa to uaa co aap tha Taaaan Front, Tabla 7 Indleataa chat wa 
praaaaelx hold an Inaufflclant ouabar for a uaaful claa aariaa* 


6. THE OCEANOGSAPHIC ENVIRONMEMT EAST OF AUSTRALIA* 


OF POOR QUAuTY 


Tha oceanography of tha wasttm part of tha Taaaan Saa, adjaeant 
to chaa aouch^aaacam coaac of Auacralia, la doalnacad by tha Eaac 
Auatrallan Currant (EAC) and Incanaa wara^cora naaoacala addlaa* Tha 
formation and avolutlon of aavaral of chaaa addlaa wara eloaaly atudlad 
ovar tha period Auguat 1976 - February 1978 by Hllaaon and Craaawall 
(I960) ualng aatalllca-trackad buoya and ahlp aurvaya* Tha patten of 
eddy foraatlon obaarvad la llluatratad la Fig* 3* Three addlaa, 
labelled A, B and C, formed by three poleward oaaadara of the EAC 
pinching off over an algbtaan month period* Eddy A appeared to aacapa 
to tha aouch-aaac from the ayacam, but eddy B coalaaead with the EAC 
after about eleven moncha of moatly lodapandant axlatanca and eddy C 
only aurvlvad aa a aaparaca entity for a few montha at the moat* Tha 
Taaman Front marka the boundary batwaan the Coral Saa and the cooler 
Teaman Saa* 

Stanton (1976) atudlad the ralatlonahlp batwaan the Mid-Teaman 
Convergence (alnca called the Teaman Front by Dat^am and Crook (1976)) 
and the winter circulation near the Norfolk Ridge* Ba atataa "A atrong 
tonal flow along tha Mld-Taaman Convergence was obaarvad which In many 
waya aupporca Warran'a (1970) hypothaaia of a tonal jet connecting part 
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Fig. 


3. A suanary of the obeervetions of cddiee A* B and C over the period i 
1976 throng February 1978. The heavy line narka the division bctwet 
Coral Sea water iS C) and Tasnan Sea water (T2»<1S C). The ■ 

heavily shaded areas represent the regions of hi^est^ynaalc hei^t < 
Froa Nilsson end Cresswell, 1980. 
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dlM A, B and C over ehe period Auguac 
avy line narks the divlalon becveeo the 
nan Sea vmfr (T...<iS C). The noat 
sglona of hlghest^dyaanlc hel^^t I? C). 


^>out 
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of the East Australian Current to the weaker western boundary currents 
off the east coast of New Zealand*'* Recent work by Andrews, Lawrence 
«nd Nilsson (1980) shows that indeed part of the BAG flow aeanders east 
around 30-34 S to north of New Zealand and fores the Tasaan Front* 
Stanton examined the front in terms of barotroplc Rossby wave theory 
and, using the dispersion relationship of Longuct -Higgins (1964) 
calculated a theoretical westward phase velocity component of 2.8 cm s-1 
at latitude 33 S. He coiqtared that value favourably with an estimated 
westward frontal movement of 3*3 cm s-1 found from a short period of 
observations* However, there was nothing to suggest that the observed 
frontal movement was anything but baroclinic, hence the m aparison was 
not strictly valid* 

Andrews, Lawrence and Nilsson looked at the Tasman I root in terms 
of a linear baroclinic wave model* The westward phase speed at 35 8 was 
calculated to be about 1*6 cm s-1, but they concluded that non-linar 
processes were ii^ortant in any dynasdeal interpretation of the Tasman 
Front, so the calculated phase speed could be in error* The linportance 
of non-linearity near the East Auitrallan coast has also been stressed 
by Godfrey (private communication, 1979)* Motions of the EAC front near 
East Australia have frequently been observed in various directions, 
particularly south, at speeds up to 15 km day-1 (e*g* during the 
formation of both eddy A and eddy B)* 

Stanton (1976) found an average Mender wavelength of 240 km* 
Andrews et al* found the tonal wavelength to be about 370 km* If we 
accept about 300 km for a Man wavelength and assuM a westward 
propagation speed of 2*0 cm s-1 we find a aMsn period for the westward 
propagation of about 170 days, that is, about the period observed for 
eddy forMtlon 1976-78* 

A sl^le picture of eddy forMtlon off East Australia along these 
lines is shown In Fig. 4. Referring to that figure, the westward phase 
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TASMAN 


An illuscracion of how the westward propagation of the Tasman 
Front might control the flow of the EAC and cause warm'-core 
eddies to pinch off. From Nilsson and Cresswell, I960. 







propagation of tha barocllnlc wava la conatralnad tha Saat Australia 
boundary* Tha wave craat C propagataa waatvard to causa tha saandar B 
to plnch^off and form a closad and saparata addy* Tha EAC front AC 
rafocms north of tha addy and tha procass baglns again. Occasionally 
northarly currants ara raportad along tha shalf adga (a.g* Paarca, 1978) 
around latituda 32 S and such revarsa currants could wall ba 
■anlfastatlons of phasa ravarsal following tha addy plnch<-off* 
Furtharmora, as tha phasa of tha wava naar tha Eaat Australian coast Is 
largaly rastrictad tq a naar north^south flow, ona can aasily vlsuallsa 
that tha Msc intansa addias will ba thosa that plnch>off naxt to tha 
coast. Tha wava motion will ba most non-liaaar adjacant to the coast 
and tha production of addias can be regarded as a result of that 
noo'-linaarity , somewhat analogous to waves breaking. Further eastward 
tha waves are free to move westward and so, if addias do separata from 
tha wavefront, th^ will ba of lesser Intensity. Also as only warm 
closed eddies appaai. to form next to the coast, there will ba a tendency 
for cool cyclonic addias to form half a wavelength further out. 

Va ei^act the EAC and its continuation, the Tasman Front, to 
appear as a surface temperature front all year round because warmer 
water is being moved southward and eastward into cooler surrounds. It 
has also been shown that, due to heat loss to the atmosphere, the core 
regions of separated eddies will show a positive surface temperature 
anomaly in winter of as much as 3 C (Nilsson and Cresswell, 1980). We 
would thus expect to sea these quite clearly in the HCMM data. In 
Sumner, however, new surface heating will tend to hide sub*>surface 
oceanic structure. The ability to determine sub-surface structure from 
surface thermal data basically depends on the degree to which the 
surface interacts with the deep structure. Non-advectlve interaction is 
stronger in winter in a cooling situation (convective mixing) than in 
summer (surface heating). However, changes in deep temperature 
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ttruceurt will glvt rist eo tMoclAttd eurrmcs eh«t r«tulc In 
adv«cclon> This in turn will g«n«r«lly giv* rlt« eo ch^ngts in surf*c« 
e«mp«racur* rtgardlass of ch« ««asoo* It 1$ a hiseorlcal face, howavtr, 
chac in eha EAC area surface eemperaeuree have nor been regarded as a 
good guide eo dynamic eopography (e>g> Ramon, 1968)* 

ORIGINAL PAGE IS 
OF POOR QUALITY 

7. COMPARISON OF HCJM IMAGERY AND SEA TROTH 

Six oceanographic surveys by ships In ehe Tasman Sea In support 
of RQf>0Sl were undereaken by the Australian Defence Science and 
Technology Organisation (DSTO). Four surveys by Royal Australian Air 
Force Orion aircraft in direct support of HCM-051 using air expendable 
bathythermographs (AXBTs) were carried out, three of these successfully* 
In addition, the Commonwealth Scientific and Industrial Research 
Organization (CSIRO) carried out twelve research cruises during the HCMM 
period to study the Tasman Front and its associated warm-core eddies* 
These surveys are listed in chronological order In Table 2* 

In the following presentation, the results of sea truth surveys 
are shown In the form of overlays to ehe appropriate HCMM images* In 
each case the sea trueh daea have been ploteed eo the same scale as the 
BCMM Images, namely Hotlne Oblique Mercator. Fig. 5a. shows the 
dynamic eopography 0(0/1300} ascertained from ehe CSIRO cruise SP9/78 
over the period 8-19 June 1978. As In the case of an atmospheric 
isobarlc contour map, the strength of the geostrophic flow (current) is 
proportional to ehe gradient of the dynamic height and is parallel to 
the contours. Historically , the main axis of the EAC Is reckoned to be 
In the nelghteurhood of ehe 190 dyn cm level, which corresponds 
approximately to the contour where the temperature at 250ra depth 1250 > 
15 C. 

ROM image 047-0347-2 for 12 Jun 78 is shown as Fig. 5b. As 
with all the Images shown here, cold is white and warm Is dark. Clouds 
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art compltctly whlet; « alght«*tlD« loutge (GMT 1400>1530) gAOArAlly has 
tha cooler land enhanced to white whereas for a daytime Image (GMT 
0300-0430) the land is generally warmer than the sea and usually Is 
enhanced to black* To avoid confusion, unless otherwise stated, 
temperatures referred to will be HCMM apparent temperatures which, over 
the sea, are about 10 C cooler than the true sea-surface temperatures 
(SST)« This difference is comprised of a nominal S*S C instrument 
offset on the cool side (Barnes and Price, 1980) and usiially more than 4 
C atmospheric absorbtion* 

Pig. 5 shows chat Che dynamically high area (D >190 dyn cm) 
correlates well with the tongue of warmer Coral Sea water (dark) 
extending south into the cooler Tasman (light). Eight days later on 20 
Jun 78 (Fig. 6b) the warm tongue of water still correlates closely with 
the same cruise data. In this Instance, it appears that the tongue was 
mainly stationary over the period 12-20 June and the cruise data are 
reasonably synoptic. 

Fig. 7a shows the SST plotted from EBT data from CSIRO cruise 
SFll/78 S-18 Aug 78. The data were obtained by Hamon and Golding 
(private communication) and contoured by us quite independently of the 
dynamic topography (Fig. 7b). Thirteen days is too long for the data 
to be termed synoptic; however in the past oceanographers have had 
little choice but to contour the data as if they were. In this case. 
Fig. 7a suggests a tongue of warm water adjacent to Che shelf and 
extending south in the vicinity of 30 S 156 E . The dynamic heights, 

however, present a somewhat different picture . Fig. 7b shows the 
topography contoured by Hamon and Golding and presented by Boland and 
Church (1981). These contours show a strong EAC turning eastward at 
about 31 S, ISS E. The flow appeared to split at about 30 S, 1S8 E and 
there appears to be soim flow to the north while the remainder meanders 
eastward. The shaded area indicates the flow of warm surface water, but 
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It c«n b« t««n that Chit araa dost not corrtapoad vary wall to tha 
contours drawn only from tha SST XBT data in Flg« 7a< In particular, 
tha SST map contourad by us doas not show tha warm (>22 C) watar 
axtandlng south of tha E>W saction along 31 3< Both tha dynamic 
topography and tha warm watar ara shown by Hamon and Golding as 
axtanding south of that latituda as doas tha RCMM imaga for 10 Aug shown 
in Fig. 7c. According to this imaga, tha EAC appaars as a maandarlng 
straam flowing ouch as dapictad in Fig. 7b. Baarlng in mind chat tha 
data in Fig. 7b ara far from synoptic and that a straam of this natura 
would ba likaly to shift around ovar the period S-18 Aug, one can 
conclude that the flow depleted in Fig. 7b really matches tha HCMM image 
quite wall. Tha likely explanation for the mismatch baewean Fig. 7a and 
Fig. 7b is that only XBT data ware used in tha former, whereas Hamon and 
Golding presumably had the benefit of continuously recording 
charmosalinograph (TS) data when tracing out tha warmer surface flow in 
Fig. 7b. 

Tha maxlnum recorded XBT teoperature along latitude 31 S is 21.4 
C, recorded in each case barween the two 21 C isotherms shown as points 
B and C in Fig. 7a. Now, tha HCMM image shows that the mainstream of 
warm surface water is as narrow as 24 km in places, that is, only half 
Che spacing between XBT stations along 31 S. We conclude that the XBT 
sampling was insufficient spatially to properly resolve this flow and 
Che actual maxlimim surface temperature was likely higher than 21.4 C. 

Thus our hatching of the >22 C water in Fig. 7a gives rise to a slightly 
misleading picture. The southernmost extent of the >22 C water, marked 
as A, corresponds quite well to the pool near the top of the HCMM image 
but not to the mainstream of the EAC. The points that emerge from this 
example are quite important. Firstly, a reasonable pictorial 
representation (Fig. 7a) of discrete SST samples, obtained and presented 
in a tlme>honoured manner, gives an inadequate not to say misleading 
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ItDprtsalOQ of eho eru* flow. Socondl/i tho oddielon of oomo continuouf 
d«e« Along eho ship's crsdc plus, prtsutsably, sotss consldsrscion of chs 
dynsfflic hsight dscs, ltd Hsmon snd Golding Co dopicc chs ssssnclsl 
fsscurss of chs warm surface flow (Fig. 7b) in a ouch bsccsr manner chan 
we did ac a lacer dace from surface X3T cetaperacures alone. This Is Che 
cype of difference chac will arise In praccice becwecn contours drawn as 
objectively as possible (wichouc all the daca) and chose drawn by 
skilled oceanographers on Che spot. Thirdly, we noce chac the dynamic 
copography obcalned from che XBTs alone correlaces far beceer with the 
crue (HCMM) picture Chao Che pattern of SST also obcalned from che same 
X3T data. We shall recum co Chls polnc later. 

In che preceding discussion we have not so far questioned che 
Idea chac che HCMM Image does Indeed accurately reflect che crue paccem 
of SST. In the course of studying all the comparaclve HCMM data, the 
evidence chac this Is so is extremely strong. Ocher studies at similar 
or reduced resolution support che same conclusion, for exanple Legeckls, 
Legg and Llmebumer, 1980. 

A RAAF alrcrafi made an AXBT sur/ey of Che SAC area 29-30 Aug 78. 
These Instruments perform much as a ship-bome XBT, except Che accuracy 
of che final cemperatures Is reduced to about ^0.5 C absolute. Also, 
che probes do not generally record deeper chan 350 m, so che calculated 
dynamic heights are also not as accurate as Chose from a 450 m XBT. 

Fig. 8a shows che positions where the probes were launched and Che 
resultant SST map. The great advantage over a survey by ship Is that 
che daca are synoptic. 

The SST contours show a clearly marked front leaving che coast In 
the vicinity of Sugarloaf Pt and sweeping SE to 34 S before turning 
north. This front can be seen in che Images of Fig. 8 and Fig. 10 at 
about 19 C. A warm patch lies just offshore from Sydney and a closed 
cool pool Is evident at about 31 S 158 E. This pattern correlaces well 
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with ch« dynamic eopoiraphy ahown la Fig* 8b* Th«r« It t tongut o£ 
dynanlctlly high (wtra tub-turftct) Coral Saa wacar protruding into cha 
Taanan Saa and apraadlng cowarda tha SE* Tha main front in Fig* 8a doaa 
aaaa to coma aignlficantly further aouth than tha 190 dyn cm dynamic 
height contour; howavar tha aaaa ganaral ahapa la tvldant In both 
pattama* Tha cool patch around 31 S 138 E la aaaociatad with a dynamic 
lov and tha vara patch around 33 S 133 E la aaaociatad vith a dynamic 
high* Thla balng tha tlaa of vlntar cooling, thaaa corralatlona ara 
axpaetad and raaaaurlng OCllaaon and Craaavall, 1980) * 

Tha warm addy around 33 S' 133 E can in fact ba aaan in tha 
nalghbouring SCMM Image to tha aouth, 124~1307*3, in Fig* 9 (offshore 
from Jarvis Bay)* This addy was referred to by Boland and Church as 
addy F* Fig* 3 and Fig* 9 confirm all tha main features wa had 
expected to saa from satallita Images In winter, namely tha EAC front 
and warm and cool addles* Tha oceanography In tha area at this time has 
bean discussed by Andrews, Lawrence and Nilsson (1980)* 

Smaller scale features ara also visible la tha satallita Imajary* 
Fig. 9 (124-1307«3) shows cold surface water from Bass Strait forming a 
front normal to the coast at about 37 S* This front appears to have 
bean outflanked by warmer water coming south-west from about 37 S 133 E 
and curling around Into Bass Strait* Tha complex advecelve patterns 
can be seen more clearly tha next day on Image 123-1323-3 (Fig* 11)* 

Tha plume of warm water south of Capa Rove has moved closer to the 
coast, showing chat these features are stable at least over a few days 
and can be traced from day to day* It also appears that this complex of 
warm water amanacas from cha aastam edge of a warm-core addy that lias 
close to cha edge of tha shelf at about 37 $. This eddy can also be 
seen, but not so clearly, In Fig* 9* It can be Identified with eddy E, 
surveyed by Church (Boland and Church, 1981) 13-22 Sep 78* 

Nov consider another AXBT sur/sy of the ZAC area, this time in 
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•UBMr, on 8 Fob 1979* SST eoncourt* Along vlth AXBT potieiono, or* 
•hown in Fig* I2a< By placing a backing ahaac undac ehia figura co hida 
parca b and c» cha raadar say cara co cry eo daduca cha likaly flow 
paccam froa ehasa daca alona: chaca appaara co ba a acrong Srone coming 
off cha coaac Juac aouch of Sugarloaf Pc«, baaad only on cha 
aouchamaoac AXBT, and chara la a vara paceh of wacar around 33 S, 139 
30' t, alao baaad anciraly on a aingla AXBT dacua* Thua cha cvo 
principal faacuraa ara aach baaad on oollcary daca poinca, vhlch ouac 
call for aooa eauclon in incarp racacl on* Whacavar ona daducaa froa Fig* 
12a, va auggaac chac cha inearpracaclon la noc obvloua and carcalnly cha 
accual flow paccan doaa noc iaaadlaealy aprlng co alnd. 

Now, if wa cum our accanclon co cha aap of dynamic topography 
obcalnad froa cha aaaa aac of AXBT daca, cha alcuaclon ia quica 
dlffaranc. A rldga of vary high dynamic nalghc (>260 dyn cm) axcanda 
aouchvard froa 30 S along 133 E* Tha concoura ara cloaaly apacad, 
auggaacing acrong curranca* Ona would axpacc a acrong aoucharly flow 
offahora ia cha naighbourhood of cha 133 E aarldlan* Thara ia claarly a 
ratum noreharly flow around 136 E chac awlnga NE ac 32 S 136 E and 
curea again co cha SE ae 30 S 138 E* Tha only raaaoaabla incarp raca cion 
of chia pactam ia chac cha EAC makaa a U«eum from aouchward flow co 
northward flow aomavhara aouch of 34 S; chia eerraapenda co a typical 
incruaion of Coral Saa wacar into cha Taaman Saa chac apparancly oecura 
with aooa ragularicy around Fabruary aach yaar (Nllaaon and Craaawall, 
1980)* On paae bahavlour, wa would axpacc cha nack of warm 
(aub^turfaca) wacar chac ia ac lea narrowaae around 32 S co pinch off 
and form an addy* 

Now conaidar cha HCMM imago Fig. 12c, In chia inacanca wa hava a 
aynopcic aurvay eakon on cha aama day, 8 Fab, co co^aro with cha IB 
imaga. ao both aaca of daca ara aynopcic and coincidanc within a fow 
houra* Tha main aouchward acraam aoama co ba ia cha vicinity of cha 
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220-240 dyn cm cootourt, rather than tha usually accepted value of about 

190 dyn cm. The ridge Is exceptionally warm (dynamically high) and the 

surface flow does seen to correspond to the centre of the region of high 

dynamic gradient, as one might expect. The return northward flow seems 

to be at a sli^tly lower dynamic height (200-220 dyn cm), indicating 

some cross— contour flow and the warm surface water appears to pool at 

about 32 S, 155 E, rather than follow the dynamic contour around to the 

ORiQINAL PAQE IS 
OF POOR QUALITY 

There appears to be a conflict here with the AXBT data. The HCMM 
image clearly indicates that the SST at point C should be close to that 
within the stream at point B, namely “ 26.8 C. Yet the recorded AXBT 
value at point C is 24.9 C. A check on the recorded data reveals no 
obvious error in reduction. By way of comparison, the AXBT temperature 
at point A is 26.1 C and the value in between A and B in the cooler 
water is 24.7 C. This sequence of values along 33 S, namely 26.1, 24.7 
and 26.8 C from A to B agrees quite well with the relative values shown 
by the HCMM image. In fact, the AXBT point C is just under the cloud 
that partly obscures the warm pool in that vicinity, so we cannot say 
for certain that there 1s no cooler surface water within the periphery 
of that pool, nor can we say for certain that no stream of warm water is 
leaving the pool under cover of the cloud, although both possibilities 
look unlikely. 

Again, we can see that the dynamic height contours correlate 
better with the flow as seen by HCMM than does the sea truth SST 
pattern. Putting this another way, we conclude that the actual current 
flow shows up well in actual SST and IR imagery, even in summer, despite 
the relatively weak Interaction between deep structure ind SST in this 
season. He also conclude that the spatial sampling and resultant 
contouring at 1 C Intervals used to produce Fig. 12a are .nadequate to 
represent the real SST structure in this region. 
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8. OBSERVED FORMATION OF A WARM-CORE EDDY AND FURTHER COMPARISONS WITH 
SEA TRUTH 

Th« U-shap«d flow of Ch« EAC shown In Fig. 12 can bs sssn again 
fiva days latar in Fig. 13. Wharaas in Fig. 12 chara is no apparanc NE 
flow out of cba pool at 32 S,, ISS E on 8 Fab 79, as wa might axpaet 
from tha dynamic haight contours, this flow doas show up on 13 Fab in 
tha HCHM Imaga. Indaad, aftar tha U-turn* tha NE flow in tha lattar 
Imaga corresponds wall to tha contours around 200 dym cm obtained on 8 
Feb. Tha HCMM image now shows a pronounced kink in tha flow as it turns 
from NW to NE. This flow pattern looks vary touch like that illustrated 
in Fig. 4b, being a prelude to eddy pinch 'off. 

Sea truth data were obtained at this time. Soma surface 
temperatures obtained along the ship's crack are shown in Fig. 13a. 
Teiq>erature turning points have been annotated with values. The 
relevant section of ship's crack is the eastward leg out of Sydney 11-13 
Feb. Tha two of 26.1 C and 25. 7 C correspond well with the EAC 

flow observed by HCMM and the intarvanlng minima also are consistent 
with Che image. 

Fig. 14 shows on 24 Feb the eddy chat has formed from this flow 
pattern. Tha eddy was subsequently the object of considerable physical 
and biological reseach by CSIRO and was named eddy J. This image has 
bean enhanced to 0.33 C par gray scale step and Che mid-range 
temperature (which corresponds to the 14th step) has been linearly 
varied from 14.3 C at the top of the imaga down to 12.7 C at the bottom. 
Reference should also be made to the image 304-0330-2 immediately to the 
north* recorded at the same time and shown as Fig. 15. This image has 
been enhanced to a similar degree; in this case the reference 
temperature varies from 15.3 C (cop) to 14.3 C (bottom), so providing 
visual continuity with Fig. 14 (Scene 304-0328-2). 
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Ship's crack and some values (Bsinly maxii 
for Cruise K 5a/78 11-17 Feb 1979. 


and Binima) of SST 


Fig. 1 3b (Over). Enhanced linage HCM 293-0325-2 for 13 Feb 1979 








Thus Che EAC flows down Che cosse (Fig* 15) end Ic would sppesr 
Chac some of chis flow makes a sharp cum Co norch-easc before Che 
conscriccion (neck) visible ac Che top of Fig. 14. The principal flow 
around eddy J is counter-clockwise in the vicinity of Che main boundary 
so clearly delineaced in this figure. IC is difficult Co imagine the 
northward flow (on Che eastern edge of Che eddy) making a Cum from 
westward Co northeastwed at Che neck as sharply as Fig. 14 would seem to 
require, hence the conclusion chat the north-eastward flow indicated at 

Che bottom of Fig. 15 must largely be the result of part of Che 

southward EAC flow Cuming prior Co or at the neck . However in this 
regard we note Che ship's track 25-27 Feb shown in Fig. 17a as an 

overlay to the image 305-1435-3. The three current vectors shown off 

Sugarloaf Ft were determined on about 27 Feb. The easternmost vector 
has been labelled as point E on Fig. 17a. Although the current was 
measured three days after the HCMM image Fig. 14b, it is surprising that 
there is no sign of any eastwards component in the measured vector. 
Perhaps the region of the eddy neck moved a little further south during 
the period 24-27 Feb, so placing that vector in the southward flow. 

The circumferential flow around the eddy (probably “1 m sec-l) 
has entrained cooler water from Che south into the eastern section of 
the eddy. Note chat this cool water tails off into a point. This seems 
to be a characteristic of such entrainment. There is an interesting 
structure to Che south of eddy J chat seems to be connected, both at the 
bottom of eddy J proper (about 35 S, 155:30 E) and by a long scream of 
warm water on the eastern edge of both structures. It is necessary to 
keep in mind that a constant density on the HCMM image shown here does 
not imply constant absolute surface temperature, as the enhancement 
reference temperature has decreased 1.7 C from top to bottom of the 
image. One can also discern a ring of slightly warmer water **250 km 

across centred about 36;30 S, 152 E. This is characteristic of a closed 
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•ddy tnd cht counctr-elockwls* currtnt tMocliietd with le (which 
Indicaccs a warm-core closed eddy) can ba inferred from the scream of 
cooler water encrained by the NW flow in the vicinity of 36 S, 134:30 £• 
Thus in this vicinity there is SW flow and 30 l«a to Che north there is 
SE flow. Between the two, one can see a small clockwise eddy (open) of 
warm water marking the main shear aone. 

According to the sunaary of observations of the EAC during 1978 
presented by Boland and Church (1981), the southernmost eddy can 
probably be identified with the eddy F chat was observed by Scott 
(unpublished data) at about 36:30'S, 131:4C'E in early December 1978* 
Boland and Church report chat around 10-13 December warm surface water 
was present on the northern and western edges of eddy F. Such water 
would quickly be carried around the eddy (at about 100 km day ^ ) to 
form a warm ring such as chat in Fig. 14. It should be noted that this 
ring is only clearly visible at that degree of contrast enhancement. At 
0.5 C/step it is only marginally visible. However the image taken on 
Che next day, 25 Feb, shown in Fig. 16 (at 0.33 C/step around a lower 
reference temperature) clearly shows eddy F off Cape Howe apparently as a 
pool of warm water. Further study of the apparent surface temperatures 
across the eddy is need to explain this change of appearance. 

Fig. 17b shows the HCMM image of the western Tasman Sea from 
about 26 S to 32 S on 23 Feb 79. The track for cruise K14B/78 (23-27 
Feb 79) is given on the overlay Fig. 17a. The cruise crack from 
Brisbane to Sydney between points C and F was directed to follow the 
main flow of the EAC. A Geomagnetic Electric Rinetograph (GEK) was 
cowed to measure the current velocity, which at times reached 2.0 m 
sec-1. It can be seen that this track mostly coincides with the western 
edge of the visible scream of warm water shown in Fig. 17b. Some 
measured values of SST are shown along the track. Although the image 
and Che sea truth are not quite coincident in time, the flow along that 
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Flf. I7«. Ship's track and so«c values of SST for Cruise It l*b/78 25-27 Feb 1979 
The section CF stayed wltbie the aain southward flow of the EAC. 

Three CEK current vectors are shown. 


Fig. I7b (Over). Enhanced l«age HOt 305-14)5-3 for 25 Feb 1979. 


••eeloa of eho eoaoc abovo eho aoek of tddy J hat appaarad to ba fairly 
aeabla, at laaat ovar tha parted 13-23 Fab, aa an ovarlay of Fi|« 13 and 
Fii. 17 ahow. Tharafora Fig* 17 providat a raaaoaabla dlract eoapariaon 
of a aaaaurad currant acraaa (tha EAC) and a HCMM laaga In suasMr* 


9. HQti COMPARISONS WITH MEASURED SEA-SURFACE TEMPERATURES 

T^la 8 llats 10 eeapariaooa of roMrdad BCMM tanparaturaa ulth 

■aaaurad valuta of taa-aurfaea taoparaturaa (SSI)* Xt ia elaar froa tha 

foragoiag praaantation that a aueh largar nuabar of eoaparlaona could ba 

aada; for axas^la a aarlat of eoaparlaona ia aval labia along tha 

outgoing aaaearly lag of cruiaa K 5A/78 (Fig* 13) or» to a laaaar 

accuracy, froa tha AE8T data in Fig* 8a and iaaga 124-1S0S-3 (1 day 

apart)* Alao aavaral peinta art availabla elaar of cloud froa tha AXBT 

data in Fig* 12a and iaaga 288-0332-2 (aaaa day)* Bowavar, furthar 

eoaparlaona art unlilcaly to ehanga tha aain eoncluaiona alraady apparant 

froa Tabla d. OM^NAL PlME IS 

OF POOR QUAUTY 


IMAGE-ID 


-DATE 

SURVEY 

-DAI^E 

Tk 


AT 

647-0347 

12 

Jun 

78 

SP 9/78 

"12 Jun 

12*8 

21.0 

8.2 

055-1525 

20 

Jun 

78 

SP 9/78 

"17 Jun 

12*0 

21.0 

9*0 

124-1503 

28 Aug 

78 

AXBT 01 

29 Aug 

10*4 

18.7 

8*3 

125-1523 

29 Aug 

78 

AIBT 01 

29 Aug 

9*4 

20.0 

10*6 

288-0332 

08 

Fab 

79 

AXBT 03 

08 Fab 

15*6 

26.8 

11.2 

288-0332 

08 

Fab 

79 

AXBT 03 

08 Fab 

13*1 

23*0 

9*9 

290-1457 

10 

Fab 

79 

X 5a/78 

11 Fab 

13*5 

23*2 

9.7 

290-1457 

10 

Fab 

79 

X 5a/78 

11 Fab 

15*4 

23*5 

10*1 

293-0325 

13 

Fab 

79 

X 5a/78 

13 Fab 

15*4 

24*2 

8*8 

305-1435 

25 

Fab 

79 

X14b/78 

25 Fab 

14.8 

25*0 

10.2 


Tabla 8* A eoapariaon of HCMM ta^araturaa (uneorraccad 
for aeaoapharle abtorbcion) T^j with aaa truth Tg* AT 
ia tha dlffaraaca* 


Firacly if wa vrlea 

T, -Tij+<3T ...(1) 

wbara Tg ia tas^paratura (aaa truth) and T^ ia ca^aratura (raeordad by 
HCMM), than a aiapla ragraaaion givaa 

AT - 9*8 0*23(T; -22*8) ±0*7 C .**(2) 
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Ze should bs saphstiisd chat no sllowsncs has bsso asds for semosphtrle 
sbsorbclon* Unforcuoscsly wt did not know sc ehs elss how dssirsbls le 
would bs CO obcsio chs seaosphsrlc does eo asks ehsss sbsorbeioo 
csleulseiooa* Bowtvsr. our cruds coapsrlsons do show chsc ehs origins! 
St5 C offssc CO ehs cold slds wss noc ossdsd sad ehsci on ehs svtrsgs, 
sboue 4-S C ausc bs sllovsd for seaosphsrlc sbsorbeion* le is slso 
elssr ehse chsrs is no svldsaes for s ehsngs in HCMM ssnsor esllbrselon 
of 4.2 C bsewssn Juns snd Oecobsr 1978, ss hss bssn suggssesd (?rlcs, 
privses eooBunieseion, 1980). Ths rslselonshlp (2) slso Indlesess s 
poscivs corrslscion bsewssn AT snd Ts, ss aighe bs sxpseesd. Bighsr SST 
vsluss should rssulc in aors wsesr vspour in chs scaosphsrs rssulcing in 
grsstsr sbsorpcion. Mors coopsrisons could rsfins ehls corrslscion co 
sdvsncsgs, psrcleulsrly if le could bs dons sspsrsesly for dlffsrsnc 
ssssons and Iscleuds bands. 0ns can obcsln an ssciases of ehs assn 
seaosphsrlc ersnsaiccsncs fron (2), nsasly (in ehls csss) T ■ 0.77. 
This rssules in an sffsceivs dscrssss in chs observed grsdlsnc of an 
oceanographic frone, as has bssn poincsd oue by Maul, Webb ds Vice, 
Tanswsy sad Bsig (1978). 

Referring again co HCMM iasgs 304-0328-2 shown in Fig. 14, noes 
ehs large arses of rslselvsly unlfora SST, in pareiculsr across ehs ewo 
eddies. Coi^srs ehls wich chs auch aors coaplsx sleuseion over land. 

In order co csllbrscs ehs ssesllies sensor, ic would sssa ehse asking 
use of SST across fsseurss such as assoscsls eddies would offer 
considersbls advsnCagss. Ths diurnal variaelon is likely eo bs below 
ehs noise level (< 0.3 R) and chs eruch ares available ae conseane 
esapsraeurs is snoraous by land seandards. Wich advance nocics, one can 
obeala chs necessary aecsorological dace froa a ship jusc as well as 
froa a land scaeion. 



ORIGINAL PAGE IS 
OF POOR (JUALITV 



10. OBSERVATIONS OF THE TASMAN FRONT 


ORIGINAL RAGI It 
OFFOORQOALflY 


Ih« corrtfpoodAQC* b«cw««n eh« dynAmle eopogrtphy obeaintd by 
•hip and aircrafc aur^ay in cha SAC araa and cha vara vaear patcama 
vlaibla in cha HCMM laagary haa baan ai^>ly illuaeracad in cha 
praeadint aaeciona. In aany. but noe all eaaaa. va can dalinaaca cha 
Taaaan Fconc from Cha HCMM iaafaa. taaga 047-0347*2, ahovn at Fig. 5e, 
it a caaa in poinc. Fig. 18b abowa cha Taaaan Franc elaarly vlaibla 
ehrott^ conaidarabla cloud covat IS daya laear, illuacracing cha valua 
of cha high apacial raaolucion of HCMM daca. Tha vlaibla boundary 
bacw««n cha Taaaan and Coral Saa vac or in chi a ioaga haa bMn dalinaacad 
on cha ovarlay and laballad according co cha imago (HCM) day numbar, 
naak^y 062. Ua can coopara cha poaiclona of cha fronc in chia mannar 
from chraa imagaa around chia cima, (HCM daya 047, 0S9 and 062). Thla 
ia ahown in Fig. 19. Im'iad cha Taaman Fronc doaa aaam co aidilbic aoma 
waacvard movamanc vich cima. Fig. 20 howavar, ahowa a fronc apparancly 
moving aaacward from HCM day 143 co day 133. Ua conclude chac mora auch 
•ynopclc daca arc naadad bafora many concluaiona ara dravn on chia 
•ubjacc. An approach along cha linaa of chac uaad by Haul, Wabb da 
Vice, Tanavay and Baig (1978) would ba appropriaca. They parformad 
•paceral analyaaa of Culf Scraam maandara aa chay advaccad paac a 
ficcicioca vava-acaff, ehua dacarmlnlng cha dominanc parloda, aupllcudaa 
and phaaa-valoeiciaa of cha vavalika ^aandura. Thaaa daca vara obcalnad 
from mora chan evo yaara of CEOS obaarvaciora. Onforcunacaly, cha HCMM 
daca ara probably ioauff icianc .for chia caak (Maul •<: al. had mora chan 
700 daya of daca) and furcharmora, cha analyaaa ara ;'»oyood cha acopa of 
chia projacc. Wa have aaan howavar chac wa mlghc axpacc finally co 
anhanca from cha HCMM daca aac abouc ona imaga ovary chraa or four daya 
covering cha vaacam aaccion jf cha Taaman Fronc, ao concinuad 
procaaaing ahould produce a mora uaaful cima aarica chac will ba 
•ufficlanC for an inicial acudy of froneal movamanca. 
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II. 


OTHER OBSERVATIONS 


Fig. 21 shows s cold front moving esscw^rds, visible in the upper 
left of the scene. The front is preceeded by a line of thunderstorms. 
There is cooler, dryer air immediately behind the front, so one might 
expect to see an apparent enhancement of the SST due to decreased 
atmospheric aborbtlon. This appears to be the case, particularly in a 
lOka (2sm in Fig. 21) band immediately behind the northern half of the 
visible front. It is noticeable that the atmospheric front looks like 
an atmospheric front and should not be easily confused with a genuine 
ocean SST front, even though the latter- may be weak. Their appearances 
are quite different. For this reason it would appear preferable not to 
attempt to remove clouds ^by smart processing for this type of analysis • 
the presence and nature of the clouds serve as a warning of changes in 
the atmosphere that may give rise to apparent changes in radiance from 
the sea surface. The high resolution of the data is of great assistance 
in these conditions. The individual clouds can be recognised and often 
the SST can be read between them. In a situation of scattered cloud, a 
simple analysis shows that the proportion of pixels contaminated by 
cloud (i.e. radiance intermediate between cloud-free and total cloud) 
increases directly with the pixel length. 

Fig. 22 (Scene 157-1523-3) shows cyclonic circulation of cool 
water between the anti -cyclonic flow of what appears to be the main EAC 
front (at about 35 S) and the detatched eddy off Cape Howe to the south. 
The flow around the latter warm-core eddy is clearly marked by a 
circumferential band of warm surface water. Satellite-tracked buoys and 
other current measurements have previously shown such a clockwise flow 
to be set up in similar circumstances (Nilsson and Cresswell, 1980) and 
it is indicated in Fig. 3. The point of note about this image is that 
it immediately gives a strong visual Impression of this flow. 
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-•: OK'i>r». Knl..inoed im.ip.. II('M IS7-1S2I-2 for JO Sep 1978. Cyclonic 
(t l.vUwise) i- irrul.n ion can be seen between tlie EAC and a warin-coi 
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Furchsnsoc*, «vtn if on« did not know froo och«r data, tha imaga 
specifically shows chat the direction of water movement between the 
front and southern eddy is clockwise. Thus the flow around the southern 
eddy must be anti-clockwise, that is, it is a wars-cora eddy. 

Now, if one can determine these things visually, it would be 
possible to program a computer to do likewise. For exso^le, admitting 
for the momant an ambiguity of 180 in direction, the direction of 
current is given by the direction in which the SST gradient is a 
minimum. In practice, it would probably better be defined as normal to 
the maxlaum SST gradient. In the case of this clockwise circulation, 
the flow has entrained a small scream of warmer water which capers off 
Co a point. We have previously noted this feature as an indicator of 
direction of flow (Fig. 14 for exang>le). Such indications could also be 
programmed to define the sense of the current. 

PAGE IS 
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12. SUMMARY OF SIGNIFICANT RESULTS 

We have outlined in this report Che development of an enhancement 
technique that crudely removes the variation of sea surface temperature 
(SST) with latitude and utilises the full grey scale for display of 
masoscale oceanographic structure. In so doing we have learned and 
demonstrated chat enhancement to at least 0.3 C per resolveable step in 
Che grey scale is necessary in many cases to see the SST structure. 

In Section 9 we determined a simple regression of observed 
atmospheric absorbclon against actual oceanographic (surface mixed 
layer) temperature. After allowing for a 5.5 K instrument offset, we 
have 

/^T - 4.1 + 0.23(1^- 22.8) +0.7 C 
where ^T * ~ sea-truth temperature and T^ is apparent 

temperature at Che satellite. 

The measured uncertainty (^.7 R) is less than might have been 
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•xp«cc«d «nd coopar«« favourabljr wich Dulcl-eh«aMl «n«lysM from 
NOAA-AVHRR d«t*, for •xAopl#. It could bo thot tho Toomtn So* oroo U 
•ioplor CO work wlch in this rotpoct chon Is cht North Atlantic Ocoan. 

Given suitable enhanceoenc, we have shown that the images reflect 
current flow in summer as well as in winter, as shown, for exaiq>le, by 
Fig* 12 and Fig* 13* 

There are some RCMM images that we have not shown which contain 
SST structure that we do not yet understand* That is only to be 
expected, indeed hoped for, given the new nature of the data* 

However, all the comparisons of sea truth and HCMM data chat we have had 
time to make have been presented and no evidence has emerged that the 
apparent SST structure as seen by HCMM is misleading in any significant 
way* On the contrary, the HCiGl data show the SST structure clearly and 
in a way that mostly is easily inter? re cable, which sceteoent cannot be 
made for classic oceanographic sampling of SST. 

It is clear that the principal aim of Project HCM-05L has been 
achieved* Relatively simple enhancement techniques applied to the 
computer-compatible tape (CCT) data show the sea surface temperature 
(SST) structure adequately in the area off east Australia* Through 
comparisons with extensive sea truth data we have shown that the SST 
shows the flow of the East Australian Current (EAC), the Tasman Front 
and the circumferential currents around eddies. 

With reference to future IR satellite operations, we note the 
usefulness of large areas of near-uniform SST obtainable in mescscale 
eddies for the purposes of ground (sea) truth and Instrument 
callbratl on* 
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13* FURTHER CONCLUSIONS 

Ue expected SST to reflect dynamic topography in winter, but not 
in summer, in accordance with past ship data* However, the HCMM data 



f 


i 




I 


1 


I 



i 

[ 



jMLijj iiuiiiiii i ii I I. . ' * ^ ^ ' T TnwnyiijTpTppiinnrr ;-i . jl,}..v ^ 1 1 

•hov ehtc SST «lio r«fl«et« dynaalc eopography in tuoMt* On* of eh* 

•urprl*** of ehls project h*« b«*o th* clos*ass of ch* corr*l*eion in 
visual Imegtry. Ptsc dlfficulcl** in lnt*rpr*t4tlon of tuoatr dec* 
eppeer lergely to heve been due to Inedequet* speclel eempllng end» to e 
lesser estenc, lecic of synopelclcy. As a corollary to this finding* ve 
conclude ehec speclel snap ling ehec Is sufficient eo decemln* dynamic 
topography may be Insufficient to resolve SST structure* This hes 
Important consoquencles for eh* getherlng end Ineerpreeetlon of 
oceanogrephlc data that la not supported by satellite IR coverage* 

Previous Incorrect conclusions concamlng the relation of SST eo 
dynamic topography have also In part been caused by a rather naive 
approach eo the question of correlation beewsen the two* For example* In 
Fig* 5 we see that the Coral Sea water thee ferms an intruding tongue 
Into the Tasman Sea is dynamically high and is characterised by warm SST 
across eh* whole tongue* Dynamic height and SST would be simply 
correlated In ehls instance* Howsver* on other occasions* for exaiqple 
In Fig* 12, there Is a narrow geostrophic flow of warm water that 
(basically) follows the contours of dynamic height and within which 
Cher* is an open cor* of cooler surface water* Thus a simple attempt at 
correlating SST with dynamic height would produce a null or negative 
result* Again* In Fig* 22 we can see a closed eddy with a ring of warm 
surface water circulating around a cooler core* The visual 
Interpretation is reasonably obvious and the pattern signals the 
pressure of a dynamically high body of water* but an attempt to 
correlate SST with dynamic helghc in a simple correlation exercise 

ORIGINAL PAGE IS 

Involving coarse spatial sampling would fall* Qp poQR QUALITY 

The high resolution of HChM Imagery has enabled us Co see much 
fine structure chat otherwise would not have been . apparent* for* example 
Che detail in the plum* of werm surface water Intruding onto the 
continental shelf south of Cape Howe visible in Fig* 11* The 
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d«v«lopMne of chit «nd oehor foaeurtt c«o b« Collevod froa day eo d«y» 

At is supportod by eht loAgt of cht pcoviout dsy* Flg< 9* Tht WASCorn 
AdgA of cht touchwtrd flow of Cht EAC tstn In Fig* 7 has cht suit 
'sAcrACtd' AppAArancA duA co lalnoc back addylog as cha Gulf tcraam in 
chA dAscrlption by Maul at al. (1978). It Is ChasA sacondary affacts of 
cha principal offshora curcants chat panacrata onto cha coocinancal 
shalf and ara casponalbla for parcrubationa co Chat ragicsa. Thua high 
rasoluCloQ IR iaagary is parcleularly inporcanc co choaa concamad with 
naarshora wacar movaoancs. 

Tha HCMM data sac» whlla incomplaca, has shown chat cha Tasaan 
Front is aora coaplax chan wa dlghc hava hopad. Mora data ara naadad co 
ascablish whachar or noc cha front as a whola propagacas wascward and if 
so, at what raca* BOM daca hava, howavar, confirmad cha broad ouclina 
of addy formation through pinch-off of an SAC aaandar shown in Fig. 4 
(From Nilsson and Crasswall, 1930). Tha HCMM ioagas ovar Cha pariod 
8-24 Fab 79 (Fig. 12 - Fig. 14) show this vary claarly. 

From cha viawpoinc of ocaanographic studias of cha EAC araa, cha 
abova conclusions muse causa us to rac't chls projacc as a slgnificanc 
succass. Tha HCMM misaion, wich ict ao^hasis on cha maasuramanc of 
diurnal camparctura varlacions of cha land, was primarily oriancad 
cowards land-usa and gaological acudlas. This projacc, dealing as ic 
has wich cha daap ocaan, has not mada usa of chis inporcanc faacura of 
HCMM. A sun-synchronous orbic was noc nacassary for ebasa studias, 
axcapc in so far as ic is halpful co hava land camparacuras aichar 
significantly cooler or waxiaar chan SSTs. Howavar, Cha fact remains 
chac Projacc HCM-OSl raprasancs cha first opporcunlcy Australian 
oceanographers hava had of obtaining adaquaCa IR coverage continuously 
ovar a substantial pariod. In particular, Ic was essanclal co hava the 
CCT data to produce enhanced images. Now chac Cha pocancial of chase 
data has bean damonsc raced in conjunction with rigorous comparisons wich 
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ctuch, eh«r« will b« incr««««d tupport for eht tyictiueic ui« of 
high roolution IR imtgory from othor sactllict •ystooo, for txan^lt tho 
NOAA-NESS forioc wich AVHRR ••ntoro* From « local viewpoint , this may 
prove CO be the moat eignificanc long term accomplishment of this 
project* 


Finally, the surveys giving rise to all the sea truth listed in 
Table 2 repreeut a most Intensive period of oceanographic research in 
the EAC area* As we have shown in Section S, the enhanced images that 
we presently hold represent only about one third of the total data set* 
Given time, it would be most valuable from a scientific viewpoint to 
build up as complete a coverage as is possible for this rather special 
twelve month period* Tracking the Tasman Front is still an important 
and unfinished aim* Thus we hope that the work with HCMM CCT data 
discussed in this report will continue* 


14. PUBLICATIONS 
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Apart from some sesiinars, talks and Progress Reports, various 

aspects of HCM-051 data have also been presented in the following: 

Nilsson, C*S* (1981) Enhanced satellite Images of the Tasman Sea, 

Landsat 81: Proceedings of the second Australasian Renujte Sensing 
Conference, Canberra, September 1-4, 1981, 7*7*1* 

Nilsson, C*S* (1982) NCMM satellite observations of the formation of 
eddy J, Warm-Core Rings Workshop, Wellington, New Zealand, 18-22 January 
1982, sponsored by the U*S*-Auatralia Cooperative Science Program and 
the U.S.-New Zealand Cooperative Science Program, to be published in 
Australian Journal of Marine and Freshwater Research* 
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APPEKDU A. ASSESSMCrr OP IMAGE PRZORCTT 

Scaodard produce Itaagaa ara inielally aaaaaaad as ehay arrlva 
for ganaral inearaae aad auleablliey* If eha icaaga la elaarly of oo 
foraaaabla uaa. ie la givan a priority of taro aod la llaead aa aueh on 
eha maaear flia. An laaga chat only Includaa a ralaelvaly aaall araa of 
uaaful ocaan aurfaea haa a priority praflx of "R** aaaignad* Xe would 
not noraally ba ordarad aa a CCT, but raoalaa la eha preeaaalai aeraaa 
In caaa aubaaquanc analyala of naighbourlag iaagaa auggaaca ehae eha "R" 
laaga may ba aaadad* Thla la aa f.ir aa grading by quality la eakan* 
Subaaquane grading la baaad oo day of obaarvacloa and locaclon* Thua 
eha naxe aeap la parforaad by eoapuear* Each racord of laaga data oo 
eha updaea flla la coaparad vleh eha llae of aaa truth eo daearalna (to 
eha naaraae day and lae/long dagraa) If elaa aod location overlap with 
aaa truth bouodarlaa* If ao, eha priority aaaignad la "3"> If noc, but 
eha laaga ovailapa with eha laeltuda band of Inearaae to aapplng eha 
Taaaan Front (2S-36 S), eha priority aaaignad la ”2"« South of that 
latitude Halt and not eolncldant with the aaall aaount of aaa truth at 
higher latltudaa, the priority given ia "I”. The priority thua aaaignad 
la given in the Appendix C in the coluan headed "PP”. 

The priorty ts^ad for ordering CCI data "PR" ia baaad oo "PP”» 
but ia not Identical. In general, the top priority PR ■ AA corraapooda 
to PP ■ 3, PR ■ A corraapooda to ?P ■ 2 and PR •• B correaponda to PP “ 
1. Howavar, apaclal parloda other than aaa truth parloda aay ba raised 
in priority. For axaa|»la, all data for which PP >1 in the period 8 Jul 
78 to 18 Aug 78 (HCM days 073-114) have bean raised to PR ■ AA. This 
period la froa HCM cycle S raf. day 8 to HCM cycle 8 raf. day 1 and was 
choaan for apaclal ateantlon. Cycla 6 la unique In that each of tna 16 
rafaranca days his at lease one lotaga of sufflciant priority. Also, 
there ara good sea truth data available froo cruises S? 10/78. R 14A/78 
and SP 11/78 over the period 20 Jul 30 to 18 Aug 80 (eye 6/4 eo eye 
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8/1)* Thus on first Insptction this psriod sssosd psrelculsrly sultsbls 
for ascertaining whether or not It Is possible to track the Tasoan Front 
from day to day using HCMM data. We have received 42 CCT loages for 
this period, 33 of which have been enhanced. Another 30 Images are 
still to come. 

If the priority PP Is prefixed by an "R", the priority PR 
associated with CCT orders Is reduced one level from the usual 
transformation, for example, **R3" becomes "A” Instead of "AA". 
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APPENDIX B. STATUS OF HOt-OSl IMAGE PROCESSING 
Bl. Current situation. 

It can be seen from the data In Appendix C that we have received 
a coral o£ 273 images In CCT form, of which 43 are priority B and some 
are repeats. Of Che total, 178 separate Images have been digitally 
enhanced using procedures discussed In this and previous reports. 

Pinal enhancement of recently received images has temporarily- 
been suspended pending the completion of this report and further studies 
Into an Improved enhancement procedure, along the lines outlined In 
Section 4. We are l»vtiopiag a completely new version of the "STATS” 
program (See Progress Report 30 Apr 80) chat will provide a plot of 
radiance distribution (within the SSI range) against line number In 
blocks of 80 lines. Line number (half-way across Che Image) can be 
equated directly with latitude, so that, to a sufficient aproxlmation, 
such a plot will provide the relevant radiance distribution as a 
function of latitude. 

Because CCT data have arrived In no n-chrono logical order and 
because until recently It has been necessary to process these data as 
quickly as possible, there has been little or no opportunity to review 


and Improve the processing procedures. In particular, images have been 
enhanced as separate scenes without regard of those that are neighbours 
In tine or space. Only recently, for example, have we been able to 



•tart using s vsrlsbls mld-rsag« tsopsrsturs (MRI) chst hss s coosuia 
valus ac chs boundary batwean two succasslva imagas* Although tha 
pattams may changa, tha range of SST at a given latitude does not vary 
strongly from day to day* Our new "STATS" program will provide data in 
a convanlant form on tha range of SST as a function of latitude and 
date* It is desirable that soma cognizance be taken of these data as a 
total set before HBI v* latitude functions are assigned to individual 
scenes* We may still end up having to assign MRI values according to 
each Individual scene, but alternately, it may be possible to sensibly 
enhance using mean values of MRI as a function of date and latitude that 
give soma absolute continuity from one image to the next* 

B2* Assigned location of Images* 

As can be seen from the the data under the column headed "POS 
ERR" (Position Error) in Appendix C, the location of the centre of the 
image Initially assigned by NASA/GSPC is sometimes in error by up to 200 
km (the errors are listed in deg. min)* Early in the project we 
developed a procedure for assigning a new fix to the image in those 
cases where land was visible* It is now clear that this procedure, 
whilst providing considerable imptovement, needs revision. Our latitude 
scale does not match as it should with the images. This can be noticed 
when comparing the sea truth overlays with the HCMM images* If the 
datum fix is near the bottom of the image, for example, the mismatch 
along the coast line becomes clear by the middle of the image* This has 
only recently started to cause trouble, when successive images in a 
given sweep are joined together* Also, the task of deriving MRI as a 
function of latitude is complicated by this problem* We have not made 
use of the fact (and neither, apparently, has NASA/GSFC) chat the 
latitude span of each image off East Australia is 6*24^ to a very good 
approximation* There are 228 lines per degree of latitude* Thus, if an 
image can be located, all the neighbouring images from that swath are 
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ftlso locactd* Again, this lapse has coma from dealing with individual 
Images in non-chronologlcal order. Had complete swaths been studied 
(generally 3-4 images for HCM-051), such details could have been 
corrected earlier. 


OF POCR QUAirV 


APPENOIX C. IMAGE PROCESSING LISTS 


rT/t ,.sa. 


T“E ECLLO-^I'iC' LISTn S'-OJ THE asOCPSElV''* OP OAT..*- Or 31 **a 3 ~ I • 

THE DATA ARE LISTED (imOEo T-*E EOLLOLIM '5 hFaOIm- 3 S! 

••9« IS THE INCO“lMS STA.vJOARU IMAGE BATCH HUMMgoj THE THE MJMAEP* 

THE MQOE RECENTLY THE PHOTO IMAGE HAS ^iEEM RECEIVED. DUPLICATE IMAGE 
lOEMTS APE DIEF.EPENTIATEO -By OIFFEPENT PATCH NUMBERS. 

••Frm is the image frame NUMHEP, 

••UAT" and “LONG'* ARE Th£ IMAGE CENTER COOPOIVATES AS SUPPLIED «Y .NAS*. 

••DAY" AND "HHMmh CONSTITUTE THE HCM TIME (0*YS» HOURS AND mInuTES) BART 
OF T“£ IMAGE IDENT AND "T" IS THE IMAGE TYPE (-2 FOP DAYLIGHT IP. -3 FQP 
NIGHT IP). mHICH completes Th£ IMAGE IDEMT CODE. 

iiPDi* IS THE image ooinoTTY '-ITH RESPECT ONLY TO IMAGE TI^.E AND LOCATION 
SET AGAINST THE AIMS AN-O POICPITIES OF HC.m-051. IMAGE DUALITY IS NOT A 

graded DL'AntITY FxCEot IMSOEAP AS A USELESS ImA.GE Is GIvEN bpTOPITY 

PP images bo® which pb *0 APE FXCLUDED FPOm THESE LiSTR. 

HOWEVFP. IE PRIDPITY P® IS PREFIXED SY AN "P". THE IMaPE ONLY INCLUDES A 

S'-'ALL AREA OF USFFUL DATA AND WILL GF OOWNGOADEQ WHEN IT CO^FS TQ HpUER- 
ING C/C TAPES. PP =3 IS THE TOP PRIORITY. 


•ippM IS THE PRIOOITY FOR ORDERING C/C TAPES. MOSTLY. RljT NOT ALWAYS. 
THE TOP priority "AAm CORRESPONDS TO PP *3. POIOPITY "A** COORSSPONDS TO 
PP »2 AND PPIOPITY "P" TO PP *1. HOWEvEP. S0M£ PRIORITY 2 IMAGES IN 
selected time PEPIOOR have h££N RAISED TO PRIORITY AA AND A "P" 
("OEJFCT”) PREFIX automatically LOWERS THE C/C TAPE ORDERING PRIOOITY HY 
ONP grade. FyOTHER INFORMATION ON EACH PPIQPITY "ppn Ij jlvEN WITH Th£ 

data lists. 


••STATUS" REFERS TO OijR PROCESSING STATUS A? pP 31 map «1, ')ETails OF THE 
RPEAKOOWN OF THIS WORD APE GIvEN IN THE DATA LISTS. 


•IPDS FRP" IS THE DIFFERENCE (nijP'S -NASA'S) IN ImaGE CENTER COORDINATES 
GIVEN IN OHM (DEGREES. MINUTES) FOP LATITUDE AND LONGITUDE BETWEEN 
NA«A S values and those wE have determined FpDm KNOWN LAnDnapks (-whER? 
VISIBLE). *,‘' 


15 the output processing 0 ATCH NUMREP, 

••mot*^ is Th£ AP^APENT ••MIO-PANGE TFMPEOATUPE" OF THE SU®FA 
OETBPmInED from the CCT IMAGE (USlN« THE ••STATS" PROGRAM), 
ACTUALLY estimated TD' THE NEAREST 0,5 C FROM TH£ MAXI-MUM m, 
temperature LE^s' 450 UT 2,5 DEGREES C OF ALL APPROPRIATE ? 0 t 
APEAS OE water surface. Th‘=' UNITS APE TENTHS OF DEGREES, 



IX EL 


"TPllTH" COMES LAST Anq IS THE lOfNT OE THE CPulSE OR'OTHEp ‘•(E.G, AXRT) 
GROUND TRUTH DATA AND IS APPLICABLE ONLY TO IMAGES FQP WHICH PRIOPITY 
OP » 3 , > 
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OWir'PITY 4A 




I‘>‘ARP«: aoF MFEnFi) FO® THE pdimcioal *IMS OP HC«-051 AvO ImhfoIatE 
CO►*BAPISO^ WITH FXlSTI^fi asoUN’O TRUTH OR TESTING 0? OAY-TO-TAy 
CONTIMUTY OF AOPAREHT FRONTS. 

IHAOE status data ape 0IVIC‘EP into THREE GROUPS POB THIS RBIORITY. 
these groups ape FOB CCT DATA WHICH (I) HAVE NOT YET BEEN ORDERED. 

(3) HAVE BEEN OPOFREO RUT NOT YET RECEIVED AND (3) HAVE BEEN RECEIVED. 

status data Can ®E interpreted as follows: “G''* grid HAOE. '‘OH* CCT 

OPOFREO PY US. "C" IN COL ? INDICATES ORPER Ry CSIRO CPOMULLA. "P“» CCT 
RECEIVED, ••/" IN COL 3 INDICATES CCT UNAVAILABLE. '•S"» IMAGE STATISTICS 
OBTAINED. "E'*s image ^nhanCED DIGITALLY, ••C* (IN COL 6)= CSIRO ENHANCED 
ohoto. image GENERATEO, hR»s ENHANCED PHOTO. PRINTED. THE ABSENCE OE 
APPROPRIATE LETTERS INDICATES THE NEGATIVE. 


GPniiP(i), C/C TAPES have NOT yET BEEN OpOERED FOP THE FOLLOWING IMAGES: 


p 

FB 

date LAT 

LONG 

day HHMM TPO 

DP 

STATUS 

POS ERR 

OR MPT TRUTH 

16 

105 

210578 -3100 

15935 

025-03360-2 

3 

aa 

G 


spoae 

16 

206 

220578 -3722 

15640 

026-03530-2 

3 

AA 

G 


sP 0 b“ 

IS 

204 

220578 -3116 

15504 

026-03540-2 

3 

AA 

G 


SP08a 

2 ? 

142 

230578 -3226 

15841 

027-15020-3 

3 

AA 

G 


spoas 

22 

143 

230578 -3834 

15702 

027-15030-3 

3 

AA 



SPO 88 

If 

238 

24n?7A -4335 

14920 

028-04270-2 

3 

AA 



SPO 88 

16 

236 

240578 -3731 

14732 

028-04290-2 

3 

AA 



SP088 

10 

124 

250B7H -4116 

14402 

02R-04460-2 

3 

AA 



SPObS 

If 

226 

270578 -3548 

15737 

031-03470-2 

3 

AA 

G 


sR 0 «e 

If 

250 

280578 -3820 

15344 

032-04040-2 

3 

AA 



SP 086 

If 

248 

280578 -3214 

15207 

032-04060-2 

3 

AA 

6 


SR085 

If 

241 

280578 -3344 

15945 

032-14560-3 

3 

AA 



SP088 

16 

242 

280578 -3950 

15803 

032-14S70-3 

3 

AA 



SP086 

20 

018 

290578 -3332 

14752 

033-04240-2 

3 

AA 



SPOdB 

16 

266 

290578 -3626 

15426 

033-15150-3 

3 

AA 



SPObS 

IB 

364 

30O578 -4131 

14531 

034-04400-2 

3 

AA 



SPOHS 

IS 

258 

300578 -4343 

14741 

034-15350-3 

3 

AA 



sposa 

2 

168 

160778 -3007 

15540 

OPi-lSOPO-3 

2 

AA 

G 

14 06 


2 

169 

160778 -3611 

15405 

081-15090-3 

2 

A A 

G 

36 -OP 


2 

027 

21077R -2957 

15717 

086-15010-3 

3 

AA 

G 


SP108 

4 

158 

180878 -3626 

15013 

114-15200-3 

3 

AA 

G 

34 -08 

SPllb 

4 

033 

170978 -2707 

16112 

l«.4-l4390-3 

3 

AA 

G 


DM 6 BS 

19 

123 

061278 -3230 

15159 

224-03400-2 

3 

AA 

G 

55 -04 

SP16ft 

19 

138 

C71278 -3738 

14848 

225-03570-2 

3 

AA 



SPl 6 b 

10 

171 

081278 -4046 

14509 

226-04140-2 

3 

aa 



SPiae 

5 

345 

081278 -3504 

15003 

226-15070-3 

3 

AA 

G 

22 -04 

SRI 6 S 

2 ? 

226 

270379 -354B 

15744 

335-03050-2 

3 

AA 

6 


SR039 


number OE images PPIObITY AA, GROUP ( 1 ) » 27 


6BOUP(2), C/C TAPES HAVE BEEN ORDERED RUT NOT RECEIVED as OF 31 map rl 


FOP 

THE 

EOLLOWI^'G images: 






p 

FB 

DATE LAT 

LONG 

GAY HHW TOP 

DP 

STATUS c»OS 

f )8 MPT truth 

10 

256 

240576 -3700 

1525* 

02M-152in-3 

3 

AA 

GC 

*01 SR08« 

21 

C30 

080678 -3325 

15041 

043-041 10-2 

3 

A A 

Gn 

0 0 s B 0 9 ,8 

0 

C06 

170678 -3317 

15806 

0*2-03400-2 

3 

A A 

GO 

SB('9b 


082 

08077C -3120 

15904 

073-03320-2 

2 

Ut 

Gr> 


20 

004 

100778 -3301 

15024 

075-040*0-2 

2 

AA 

GO 4 C 

-0 3 
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satnaiTY ia G»0U9(?) COMTI'i'JFH 


C’.V'vt.fw, itV'.F 

''■f gi’^nr 


a 

F9 

hate I.AT 

LO\(* 

•OAY TOP 

po 

9T4TUS 

POS CBS 0- 

m?T T-LT-< 

l=> 

104 

110774 -3505 

14922 

076-04250-2 

2 


0 



0 

44«5 

120774 .3131 

14913 

077-15330-3 

2 

AA 

0 



20 

122 

130774 .3105 

16034 

079-03250-2 

2 

AA 

50 



la 

014 

150779 -3241 

15933 

080-14500-3 

2 

AA 

0 



9 

077 

160778 -3604 

U911 

091-04180-2 

2 

AA 

0 



12 

169 

160779 -3007 

15540 

091-15080-3 

2 

AA 

0 



12 

169 

160779 -3611 

15405 

081-15090-3 

2 

AA 

0 



9 

431 

170779 -3125 

13048 

082-15260-3 

2 

AA 

0 



12 

004 

190779 -2952 

16134 

083-03190-2 

2 

AA 

60 

00 00 


10 

059 

190779 -3704 

15909 

084-03350-2 

3 

A A 

0 


SP109 

15 

125 

200778 -3339 

16054 

085-14440-3 

2 

AA 

0 



a 

436 

240779 -3623 

16033 

090-03280-2 

2 

AA 

GO 



10 

604 

280779 -2529 

15055 

0a3-i52«0-3 

2 

AA 

0 



10 

606 

280779 -3740 

14750 

093-15320-3 

3 

AA 

0 


SPioa 

1* 

141 

290779 -3452 

16139 

0«4-03210-2 

2 

AA 

GO 



14 

139 

290779 -2«44 

16006 

0a4-03230-2 

2 

AA 

GO 



1^ 

306 

30077a -363? 

15734 

095-03390-2 

3 

A A 

GO 


5P10« 

16 

304 

300779 -3025 

15559 

005-03400-2 

3 

A A 

•30 


SP103 

12 

041 

010.979 -3001 

15602 

097-15040-3 

3 

AA 

0 


SP 10?5 

12 

042 

010979 -3606 

15423 

007-15060-3 

3 

AA 

0 


SP108 

1« 

026 

05O979 -3607 

15432 

101-034O0-2 

3 

AA 

GO 

3« 0 7 

SP108 

19 

024 

050979 -2«55a 

15257 

101-03510-2 

3 

AA 

GO 

102 00 

SP108 

lo 

016 

100979 -2633 

15346 

106-03450-2 

3 

AA 

0 


SP110 

la 

014 

120«79 -3107 

15429 

108-15080-3 

3 

AA 

0 


spua 

11 

039 

130979 -3717 

14319 

109-15290-3 

3 

AA 

0 


SPI18 

10 

046 

160978 -3231 

15220 

112-03540-2 

3 

AA 

GO 

32 07 

SP118 

10 

Q44 

160978 -2622 

15051 

112-03560-2 

3 

A A 

60 

101 -03 

SP118 

9 

036 

170978 -3631 

15443 

113-15020-3 

3 

A A 

0 


SPU9 

la 

015 

170978 -4514 

15543 

144-03480-2 

3 

AA 

0 


SP128 

19 

013 

170978 -3910 

15340 

144-03490-2 

3 

AA 

0 


SPi2a 

19 

009 

170979 -2700 

15037 

144-03530-2 

3 

AA 

GO 

54 -02 

SP128 

9 

194 

290978 -4220 

IS050 

156-15060-3 

3 

AA 

GO 

18 -06 

SP138 

5 

216 

031078 -4519 

15536 

160-03460-2 

3 

AA 

GO 


S0132 

20 

010 

041078 -4729 

13149 

161-04040-2 

3 

AA 

0 


SP13S 

21 

056 

141078 -4347 

15333 

171-03510-2 

3 

AA 

0 


SP14S 

21 

054 

141079 -3744 

15147 

171-03520-2 

3 

AA 

0 


SPl^B 

21 

052 

141078 -3139 

15010 

171-03540-2 

3 

AA 

GO 

54 -06 

SP1<»8 

19 

066 

141078 -3855 

15631 

171-14450-3 

3 

AA 

0 


SP148 

21 

036 

151078 -3659 

15231 

17?-l5020-3 

3 

AA 

0 


S?14H 

21 

037 

151078 -4304 

15042 

172-15040-3 

3 

AA 

0 


SP 1 *8 

21 

040 

161078 -3146 

14922 

173-15190-3 

3 

aa 

0 


SP149 

21 

041 

161078 -3751 

14744 

173-13210-3 

3 

AA 

0 


SP149 

21 

042 

161078 -4355 

14553 

173-15220-3 

3 

AA 

0 


sPua 

11 

016 

161178 -3553 

14723 

204-04040-2 

3 

AA 

0/ 


spisa 

20 

116 

211179 -3105 

15602 

209-14490-3 

3 

AA 

0 


SP153 

20 

117 

211178 -3711 

15426 

209-14500-3 

3 

AA 

0 


SP158 

21 

204 

251178 -2615 

15214 

213-03360-2 

3 

AA 

0 

114 -14 

SP158 

19 

147 

261178 -3052 

15727 

214-14420-3 

3 

AA 

0/ 


SP158 

19 

143 

261178 -3658 

15551 

214-14440-3 

3 

AA 

0/ 


sPisa 

19 

144 

071279 -3101 

15540 

225-14489-3 

3 

aa 

0 


SPI60 

5 

232 

180279 -3500 

15621 

299-03170-2 

3 

Am 

GC 


K 14iJ9 

5 

230 

180279 -2»53 

15449 

298-03190-2 

3 

AA 

GO 

48 -35 

Kl4p,8 

la 

040 

200279 -3151 

15441 

309-14480-3 

.3 

AA 

C 


*<i4Ha 

19 

041 

20027a -3756 

15304 

300-14450-3 

3 

AA 

C 



10 

074 

260279 -3746 

14514 

306-04030-2 

3 

Am 

C 



5 

140 

010379 -3524 

15519 

30a-03200-2 

3 

AA 

GC 


Yl48rt 


I 
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OfHQINAL PAGE m 
OP POOR QUALITY 


oniftciTY A4 GPf)UP(2) C'^NTI'JMEn 


p 

F9 

date lat 

LDN'P 

OAY hhvm TOP 

PO 

status 

PCS 

EPP 

09 

MPT 

TRUTH 

15 

157 

180379 -3223 

14922 

326-033H0-2 

3 

AM 

c 





SP02P 

19 

365 

220379 -3h3i 

15626 

330-03120-2 

3 

AA 

6C 





SP03Y 

19 

366 

220379 -3025 

15451 

330-03140-2 

3 

AA 

GC 

36 

05 



SP039 

5 

315 

230379 -3530 

15136 

331-03300-2 

3 

AA 

6C 

31 

11 



SP039 

11 

132 

270379 -32 J8 

15647 

335-03060-2 

3 

AA 

(5C 

35 

12 



SP039 

2? 

224 

270379 -2942 

15611 

335-03070-2 

3 

AA 

GC 

54 

-03 



SP039 

11 

130 

270379 -2602 

15519 

335-03080-2 

3 

AA 

GC 

49 

00 



SP039 

15 

033 

020479 -3155 

15423 

341-03170-2 

3 

AA 

6C 

101 

-35 



SP049 

15 

204 

080479 -3233 

15U3 

347-03270-2 

3 

AA 

C 





SP049 

19 

039 

120479 -3225 

15726 

351-03020-2 

3 

AA 

C 





SP049 

Nlj»*pep OF IMAGES PPIOOITY AA, 6ROUP<2) 

s 

71 






RPOlipO) 

. C/C TAPES HAVE 5EEM RECEIVED 

FOP THE following 

' IMAGES 

> • 

^ • 


R 

FR 

PATE lat 

LONG 

DAY HHMM tpd 

PP 

STATUS 

POS 

pop 

OR 

.MPT 

TRUTH 

9 

494 

230578 -3554 

15231 

027-04100-2 

3 

AA 

GOPS 

00 

00 



SPOHU 

9 

4 cp 

230575 -3249 

15052 

027-04120-2 

3 

aa 

GDPS 

41 

-0? 



SP098 

22 

076 

070675 -3742 

15624 

042-03520-2 

3 

AA 

OPS 





$0066 

22 

07A 

070678 -3147 

15447 

042-03540-2 

3 

AA 

GOPS 

109 

-05 



SPOgR 

0 

615 

090676 -3102 

15407 

044-15190-3 

3 

AA 

OPSE 



12 

125 

SP0«6 

9 

616 

090675 -3705 

15231 

044-15200-3 

3 

A A 

OPSE 



12 

no 

SP0V9 

3 

123 

100678 -3711 

l‘‘755 

04S-15380-3 

3 

AA 

60PSECP 

26 

-11 

6 

90 

SP09S 

3 

015 

110676 -3135 

16048 

046-03290-2 

3 

AA 

GOPSECP 



6 

105 

SP098 

3 

309 

120675 -3307 

15637 

047-03470-2 

3 

fi A 

GOPSECP 



6 

125 

SP096 

3 

307 

120679 -2701 

15508 

047-03480-2 

3 

AA 

GOPSECP 

125 

-17 

6 

120 

SP05o 

3 

036 

140678 -3131 

1 5526 

049-15120-3 

3 

AA 

60RSECP 

58 

03 

6 

115 

SP09R 

3 

060 

150678 -3238 

15032 

050-15310-3 

3 

AA 

GOPSECP 

47 

00 

6 

105 

SPOva 

9 

635 

180678 -3147 

15310 

053-03590-2 

3 

AA 

GORS 

54 

-06 



SPU96 

8 

242 

200678 -3004 

15241 

055-15240-3 

3 

AA 

GOPSECP 

52 

06 

5 

no 

SP096 

8 

?43 

200675 -3611 

15107 

055-1525C-3 

3 

AA 

GOPSECP 

32 

-07 

5 

100 

SP09R 

9 

415 

160775 -2937 

15547 

C81-15080-3 

2 

AA 

ORSEC 



7 

115 


9 

416 

160776 -3542 

15413 

031-15000-3 

2 

AA 

OPS 



11 

MS 


2 

004 

180775 -2552 

16134 

083-03190-2 

2 

AA 

GOPSECP 



5 

115 


in 

056 

190775 -3057 

15732 

084-03360-2 

3 

AA 

GORS 

40 

02 



SP109 

11 

130 

210778 -3001 

15716 

086-15010-3 

3 

AA 

GORSFC 

44 

03 

4 

126 

SP106 

11 

131 

210775 -3606 

15541 

056-15020-3 

3 

AA 

GOPSECP 

00 

00 

2 

90 

SPU'8 

2 

012 

220775 -2940 

15250 

0S7-1S19O-3 

3 

AA 

GOP 

53 

10 



SP109 

11 

029 

220775 -3035 

15236 

067-15100-3 

3 

AA 

OPSECP 

58 

12 

5 

135 

SP106 

9 

n^T 

230776 -3636 

14632 

088-15380-3 

3 

AA 

OPSEC 



8 

80 

SP106 

12 

4 36 

240775 -3623 

16033 

089-03280-2 

2 

AA 

GOPS 







434 

240778 -3016 

15958 

089-03290-2 

3 

AA 

GOPSECP 



5 

125 

SR108 

12 

434 

240775 -3016 

15459 

089-03290-2 

3 

AA 

GORS 





S®lOb 

9 

004 

250778 -3154 

15450 

090-03470-2 

3 

aa 

OPSEC 



7 

130 

SPIUS 

9 

002 

250775 -2546 

15321 

090-03490-2 

2 

AA 

ORSEC 



5 

130 


10 

037 

260778 -3651 

15131 

091-04040-2 

3 

AA 

60PSEC 

19 

07 

7 

00 

SPlOd 

m 

035 

260778 -3044 

14955 

OPl-04050-2 

3 

AA 

GORSFC 

33 

06 

7 

105 

SPlOd 

10 

040 

260778 -2644 

15942 

091-14530-3 

? 

AA 

GORSFC 



9 

130 


10 

041 

260775 -3250 

15«12 

091-14540-3 

3 

Aa 

G0P5EC 



Q 

M5 

SPlOo 

m 

039 

270778 -3057 

154 OR 

092-15120-3 

3 

AA 

60PSEC 

44 

nci 

7 

1?6 

s°io- 

\n 

040 

?70Y?5 -3702 

15232 

092-15130-3 

3 

AA 

GO»SEC 



7 

80 

$P108 

10 

311 

310778 -3215 

15154 

0®6-03550-2 

3 

A A 

9nPSFC 

30 


8 

no 

SP108 

in 

300 

310775 -2607 

15025 

0R6-0359O-2 

2 

AA 

GOPSEC 

102 

-03 

8 

12P 


in 

152 

310775 -2723 

141 14 

QOf-l 4440-3 

? 

A A 

GORSFC 



9 

129 


10 

153 

31077,5 -->330 

15043 

09*i-l4470-3 

3 

AA 

GrvDSFC 



9 

10 0 

50108 

2 

041 

010O7.C -3001 

1560? 

097-15040-3 

3 

AA 

GOPSECP 


0^4 

2 

no 

SFl 08 
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" ' : ioRIGlNAL 

OF POOR QUAUrr 

pqinoiTY A4 fisoiio(3) riNTi'iuPD 


p 

pa 

OAT? I.4T 

L0N« 

OAy hhmm tpo 

PQ 

5TATUS 

POS EBP 

0 ^ 

MPT 

T^U T rt 

2 

042 

010878 -3606 

15428 

097-15060-3 

3 

A A 

onosFCP 

-1? 

2 

hO 

5P1 Ofl 

Irt 

073 

020878 -3646 

14946 

0«6-1524p-3 

3 

A4 

GOPSfC 

00 

9 

80 

SPlOo 

18 

009 

030878 -3613 

14523 

099-18420-3 

3 

AA 

00$ 




SPlOrt 

23 

044 

050878 -3017 

15302 

101-03510-2 

3 

AA 

SOPS 

lOM -03 



SPlOn 

11 

221 

050878 -3540 

16042 

101-14410-3 

3 

A 4 

OOPS? 

00 00 

10 

80 

5PHa 

10 

003 

090878 -2600 

15810 

105-03270-2 

3 

AA 

60PS 




SP118 

10 

018 

100878 -3241 

15516 

106-03430-2 

3 

aa 

60P$£C 

56 01 

7 

125 

SPIU 

10 

049 

110878 -2632 

16009 

107-14490-3 

3 

AA 

GOP$£ 


12 

125 

SP11& 

10 

050 

110878 -3239 

15840 

107-14S10-3 

3 

AA 

60PSE 


12 

105 

SP118 

11 

038 

130878 -3111 

14956 

108-15260-3 

3 

AA 

OOPS 

45 00 

11 

120 

SPIH 

11 

230 

150878 -3748 

15817 

111-03340-2 

3 

AA 

QftPSfC 


7 

85 

SP113 

11 

228 

150878 -3141 

15640 

111-03360-2 

3 

Aa 

OOPSfC 

106 (10 

7 

IIS 

SP116 

11 

226 

150878 -2532 

15511 

111-03380-2 

3 

AA 

60PSEC 

108 -05 

7 

115 

SP116 

q 

014 

160878 -2715 

16137 

112-14420-3 

3 

AA 

OPSEC 



130 

SPi la 

q 

015 

160878 -3322 

16006 

112-14440-3 

3 

AA 

OPSEC 



100 

SPi 18 

q 

035 

170878 -3025 

15618 

113-15010-3 

3 

AA 

OPSFC 


H 

no 

SPllb 

11 

003 

180878 -3637 

15010 

11^-15200-3 

3 

AA 

0P5EC 


4 

65 

5? lib 

10 

013 

280878 -3109 

15442 

124-15050-3 

3 

AA 

GOPSEC 

85 O') 


100 

4XWT1 

10 

014 

280878 -3716 

15305 

12*-lS070-3 

3 

A A 

GOPSEC 

36 -06 

‘4 

85 

4;^-Tl 

4 

015 

290878 -3112 

15005 

125-15230-3 

3 

AA 

viOOSECP 

45 4 

? 

85 

A.X6T1 

4 

016 

290478 -3719 

14829 

125-15250-3 

3 

A A 

GCPSECP 

34 -06 

2 

65 

4x871 

10 

046 

080978 -3047 

15256 

135-15110-3 

3 

AA 

GOPSEC 

44 04 

9 

105 

OM 6 A 8 

10 

047 

080978 -3654 

15120 

135-15130-3 

3 

AA 

GOPSEC 

34 -05 

<9 

75 

OMoAb 

ir 

032 

140978 -2927 

15004 

Ul-15220-3 

3 

AA 

GOOS 

55 -01 



nM5P8 

17 

033 

140978 -3534 

14830 

141-15240-3 

3 

AA 

60P5 

30 -03 



0 Y 6 P 8 

17 

034 

140978 -4141 

14644 

141-15260-3 

3 

AA 

0»S 




SP 126 

4 

056 

160978 -3546 

15725 

U3-03320-2 

3 

AA 

GOOSEC 


6 

95 

0 M 688 

4 

054 

160978 -2940 

15552 

143-03340-2 

3 

AA 

GOPSEC 

58 -09 

b 

130 

0M6a8 

18 

on 

170978 -3305 

15208 

144-03510-2 

3 

AA 

60PS 

41 03 



0'-688 

4 

034 

170978 -3314 

15941 

144-14100-3 

3 

AA 

60» 




r )**688 

11 

053 

170978 -2736 

16105 

144-14390-3 

3 

AA 

GOPSEC 


6 

120 

0*^683 

11 

054 

170978 -3344 

15934 

144-14410-3 

3 

aa 

GOPSEC 


6 

95 


11 

055 

170978 -3950 

15752 

144-14420-3 

3 

AA 

GOP 




SP12’ 

14 

510 

180978 -4419 

15050 

145-04060-2 

3 

AA 

OPS 




SP128 

19 

004 

180978 -3034 

15547 

145-14580-3 

3 

AA 

OPS 




OM666 

10 

005 

180978 -3641 

15411 

145-15000-3 

3 

AA 

OPS 





11 

008 

190978 -4058 

14<513 

146-04250-2 

3 

AA 

o»s 




SP126 

17 

125 

230978 -4529 

15240 

150-03590-2 

3 

AA 

o»s 




5P128 

17 

123 

230978 -3926 

15045 

1S0-04010-2 

3 

AA 

o»s 




SP128 

4 

145 

230978 -3323 

15631 

150-14520-3 

3 

AA 

GOPSEC 


b 

95 

5P12P 

4 

146 

230978 -3930 

15450 

150-14540-3 

3 

AA 

GOPSEC 



65 

SP 12 « 

4 

147 

230978 -4535 

15254 

150-14560-3 

3 

AA 

GOPSEC 


6 

30 

SP126 

10 

119 

240978 -4147 

14654 

131-04190-2 

3 

AA 

OPS 




SP138 

5 

038 

240978 -4249 

14915 

151-15130-3 

3 

AA 

GOPS 

20 00 



SPi3a 

4 

233 

250978 -4243 

14238 

i52-G4360-2 

3 

AA 

GOPSEC 


6 

45 

SP138 

A 

046 

2S0978 -4607 

15422 

155-03520-2 

3 

AA 

GOPSEC 



5 

SP13H 

11 

oil 

280978 -4334 

15330 

155-03530-2 

3 

AA 

RSEC 


6 

50 

SP136 

11 

022 

290978 -4242 

15043 

156-15070-3 

3 

AA 

GOPSEC 

15 -07 

6 

50 

SP138 

19 

099 

290978 -4301 

15037 

156-15070-3 

3 

AA 

OSE 


12 

50 

SP138 

19 

064 

041078 -4133 

14949 

161-04050-2 

3 

AA 

OPS 




SP136 

A 

190 

051078 -4613 

14648 

162-04220-2 

3 

AA 

GOPSEC 


6 

30 

SP138 

10 

118 

091078 -4411 

15319 

166-14530-3 

3 

AA 

0»S 




SS138 

17 

146 

131078 -3831 

15634 

170-03340-2 

3 

AA 

o»s 




5P146 

17 

1 44 

131078 -3226 

1 5454 

170-03360-2 

3 

AA 

GOPS 

4C 0 ? 



ea 1 4» 

11 

442 

151078 -4300 

14851 

172-04090-2 

3 

A A 

OPS 




5 PI 88 

8 

042 

161078 -4150 

14356 

173-04270-2 

3 

AA 

GOPSEC 

19 

4 

50 

SPi-M 


»»10PITY 4A GR0UO(.'^) CO'JTINU^n 


^ Quality 


OF 


p 

FB 

oatf lat 

U0N8 

DAY HHMm TPP 


STATUS 

POS fPP 

0-^ 

MPT 

TBI.IT8 

9 

023 

191078 -3332 

15217 

176-03460-2 

3 

AA 

SOPSiCP 

29 03 

6 

no 

SP14« 

P 

034 

201078 -3607 

15423 

177-14550-3 

3 

AA 

809SFC9 

44 02 

6 

120 

SB >8 

1=? 

016 

161178 -3050 

154*6 

204-14540-3 

3 

AA 

OPS 




SP158 

19 

017 

161178 -3656 

15310 

204-14560-3 

3 

AA 

OPS 




SP156 

6 

092 

171178 -3033 

15013 

205-15120-3 

3 

AA 

80RSFC 

59 08 

6 

135 

SP15« 

6 

135 

191178 -3235 

15701 

207-03220-2 

3 

AA 

60BSFC 


6 

125 

SOlSh 


133 

191178 -2628 

15531 

207-03240-2 

3 

AA 

60RSEC 


h 

140 

SPIS8 

21 

1 14 

211178 -4041 

15005 

209-03570-2 

3 

AA 

0»S 




SPlSb 

21 

112 

211178 -3435 

14822 

209-03S80-2 

3 

AA 

OOPS 

37 01 



$9158 

14 

534 

221178 -4014 

14522 

210-04150-2 

3 

AA 

OPS 




SP158 

22 

056 

221178 -2556 

15240 

210-15050-3 

3 

AA 

OPS 




SP156 

22 

057 

221178 -3204 

15111 

210-15070-3 

3 

AA 

OPS 




SP158 

2? 

05P 

221178 -3810 

14934 

210-15080-3 

3 

AA 

OPS 




SP158 

22 

04? 

231178 -3643 

14522 

211-15260-3 

3 

AA 

OPS 




SP158 

6 

114 

241178 -2545 

15643 

212-03180-2 

3 

AA 

60RSPC 


h 

145 

SP156 

21 

?09 

251178 -3832 

15523 

213-03330-2 

3 

AA 

OPS 




SP156 

21 

206 

251178 -3226 

15344 

213-03350-2 

3 

AA 

GOBS 

51 -01 



S?15« 

21 

306 

261178 -3842 

15052 

214-03510-2 

3 

AA 

OPS 




SPlSd 

21 

304 

261178 -3235 

14911 

214-03530-2 

3 

AA 

OPS 




SP156 

? 

0P3 

271178 -4017 

14644 

215-04090-2 

3 

AA 

GOPSEC 

15 16 

6 

85 

SP158 

4 

518 

271178 -4019 

14645 

215-04090-2 

3 

AA 

6 PS 

19 14 



SPIS6 

19 

Cf6 

301178 -3253 

15514 

218-03280-2 

3 

AA 

GOPS 

53 01 



SP158 

19 

064 

361178 -2646 

15343 

218-03300-2 

3 

AA 

GOBS 

115 -1? 



SPlSh 

4 

037 

011278 -3915 

15224 

210-03450-2 

3 

AA 

GOBStC 


6 

105 

SP166 

23 

022 

021278 -4053 

14919 

220-04030-2 

3 

A A 

ORS 




SP166 

23 

020 

02127P -34i7 

14635 

220-04040-2 

3 

AA 

GOPS 

39 04 



SP168 

19 

057 

021278 -3624 

15249 

220-14550-3 

3 

AA 

OPS 




SP16H 

20 

048 

031278 -4023 

14335 

221-04210-2 

3 

AA 

OBS 




SP146 

7 

114 

051278 -3301 

15644 

223-03220-2 

3 

AM 

GOBSEC 

51 01 

6 

135 

SP168 

5 

145 

080279 -3244 

15209 

288-03320-2 

3 

AA 

60RSFC 


9 

120 

AXPT3 

5 

0 09 

100279 -3118 

15142 

200-14570-3 

3 

AA 

GOPSEC 

111 -25 

9 

135 

X 5A6 

5 

009 

100279 -3723 

15005 

290-14580-3 

3 

AA 

GOPSEC 

3% -35 

9 

135 

< 54»* 

5 

029 

120279 -3429 

15913 

292-03060-2 

3 

AA 

GOPSFC 

43 -2*' 

9 

160 

K 548 

9 

0 27 

1202T9 -2823 

15741 

292-03060-2 

3 

AA 

GOPSFC 

259 -49 

9 

160 

K 5Ajj 

10 

204 

130279 -3155 

15400 

293-03250-2 

3 

AA 

GOPSEC 

46 -37 

6 

165 

K 5A8 

10 

20? 

130279 -2549 

15231 

293-03270-2 

3 

AA 

Goesec 

105 -44 

8 

155 

K SA4 

10 

022 

190279 -3211 

15105 

299-03360-2 

3 

AA 

GOPSEC 

51 -41 

9 

120 

K14H8 

10 

0C5 

210279 -3039 

15000 

301-15010-3 

3 

AA 

GOPSFC 

-06 -21 

8 

140 

K1456 

10 

054 

230279 -3301 

15728 

303-03110-2 

3 

AA 

GOPSEC 

16 -17 

8 

14C 

l4b8 

10 

052 

230279 -2653 

15553 

303-03120-2 

3 

AA 

GOPSFC 

32 -2® 

8 

ISO 

K1486 

11 

242 

240279 -3544 

15340 

304-03280-2 

3 

AA 

GOPSEC 

22 -23 

7 

140 

K1488 

10 

043 

240279 -3252 

15255 

304-03290-2 

3 

AA 

GOPS 

31 -32 



Kl4?8 

10 

0/1 

240279 -2645 

15124 

304-03300-2 

3 

AA 

GOPS 

119 -41 



K14RH 

11 

240 

240279 -2938 

15205 

304-03300-2 

3 

AA 

GOPSEC 

45 -35 

7 

140 

K14B8 

1 0 

063 

250279 -3020 

15616 

305-14350-3 

3 

AA 

GOPSEC 

43 02 

8 

140 

K14R8 

10 

064 

250279 -3626 

15441 

305-14370-3 

3 

AA 

GOPSEC 

23 -14 

3 

130 

Ki4aa 

5 

139 

010379 -2917 

15346 

300-03220-2 

3 

AA 

GOPSFC 


6 

130 

Kl4ftH 


miMBfc OP TMAGE9 priority AA. 6POU°t3) » 143 


(yJIMSPB OP 


iMttPEc pPIOBITY AA» 241 
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0HI6INAL PAGE IS 
OF POOR QUALITY 


O-JIOCITY 4 

THPCF images «9F Mft'r'PO fQ9 T*-E POINCIS^L 4I‘-’S OP 

lyA<;F FTATMP 04T4 APP OlVlOtO INTO THP£P RSOijos FO® THl« SttpoITY. 

GPO(.'®S 4PF F0» CCT 04TA '^hlCH (1) HAvF MOT y£T P€Fm 09D£Rfc'0» 

(?) ^•AVF 8FFM OPOEPSO PUT NOT yET PFCFIvSO anO (3) f-AVE 'iFFM PFCFIVFC. 
status data can pf ImtEpPPETEO as follows: "S''» SPIO nAO£* "O”* CCT 

OPOEPFO BY IJS» '‘C'' IM COL 2 INDICATES OPOEP BY CSIRO CPONULUA* “P''* CCT 
oECEIvEO. IN COL 3 INDICATES CCT UNAVAILABLE* "S*** IWA'.JE STATIJTICS 
obtained. "E'»* image enhanced dioitally. "C** (IN COL 6)» csiPO enhanced 

PHOTO. IMAGE QENEPATEO. ''P*'* ENHANCED PHOTO. PPINTED. THE ABSENCE OF 
APPPCPOIATE LETTEOS ImQICATES THE NEGATIVE. 

QPOUO(l). C/C TAPES havE NOT yET PEEN OROEpEO Fop THE fo|_i_o.-jInG IMAGES: 


R 

•FP 

DATE LAT 

LONG 

DAY HHMM TP® 

PP 

STATUS 

POS 

E»P OH 

MPT 

TftuTrt 

15 

153 

140578 -2647 

15245 

013-15310-3 

2 

A 






15 

159 

1*0573 -3255 

15115 

018-15320-3 

2 

A 






lA 

327 

15057a -3019 

15804 

020-03430-2 

2 

A 

n 





P 

400 

230573 -2542 

14923 

027-041*0-2 

■» 

A 






22 

144 

23057A -2513 

16011 

027-15000-3 

2 

A 






15 

225 

270573 -2®*2 

13603 

031-03*90-2 

2 

A 

a 





lA 

246 

280578 -2508 

15038 

032-04080-2 

i 

A 

G 





15 

240 

280573 -2735 

16116 

032-14540-3 

2 

A 






15 

255 

290578 -3018 

15602 

033-15130-3 

2 

A 






3 

OOB 

030678 -3522 

15002 

038-C4170-2P3 

A 





SP088 

IS 

112 

030673 -3059 

15716 

038-15070-3 

2 

i 

G 

00 

00 



2? 

215 

050578 -2549 

14922 

040-15420-3 

2 

A 






22 

035 

050678 -2532 

15755 

041-03370-2 

2 

A 

6 





3 

037 

140678 -3737 

15349 

049-i5i*o-3P3 

A 





9P098 

3 

025 

180673 -3012 

15145 

053-14470-3P3 

A 





SP0Y8 

3 

025 

180673 -3519 

16010 

053-1*490-393 

A 





SP09e 

3 

041 

190673 -3037 

15704 

054-15060-3P3 

A 





S®UPrt 

3 

042 

190678 -3543 

15528 

054-15070-393 

A 





9PU9H 

S 

053 

050973 -3249 

15325 

132-03270-2P3 

A 






s 

035 

170973 -4526 

15605 

14a«14**0— 3P3 

A 





SP128 

s 

253 

130978 -4157 

15005 

145-04070-2P3 

A 





5012H 

4 

13B 

230978 -4419 

15447 

155-1*400-393 

A 





SP 13H 

3 

174 

031073 -4526 

15555 

160-1**20-393 

A 





SP13H 

4 

15R 

051073 -4525 

14547 

162-15190-.3P3 

A 





SP13H 

B 

025 

191073 -3037 

15353 

176-03*50-293 

A 





SP1*H 

a 

035 

201073 -4211 

15237 

177-14570-393 

A 





SP1*H 

a 

12S 

301078 -3220 

15347 

187-14390-3 

2 

A 

G 






000 

141170 -3311 

15552 

202-03260-2 

2 

A 

SEC 


6 

115 


T 

154 

061278 -3926 

15758 

224-14320-303 

A 





SP16H 

7 

on 

191278 -2552 

15047 

237-15090-3 

2 

A 

G 

100 

01 



7 

012 

191273 -3200 

14917 

237-15110-3 

2 

A 

a 

43 

04 



10 

124 

010179 -3559 

15504 

250-03230-2 

2 

A 

G 

40 

01 



10 

122 

010179 -?oS3 

15430 

250-03250-2 

2 

A 

G 

56 

-03 



11 

022 

020179 -3157 

15029 

251-03430-2 

2 

A 

G 

45 

-05 



10 

2F9 

020179 -2433 

15953 

251-14300-3 

2 

A 

G 





10 

290 

020179 -3247 

15323 

251-14320-3 

2 

A 

G 





10 

010 

03017'- -3555 

14659 

252-03590-2 

2 

A 






10 

015 

03017O -2603 

15532 

252-14400-3 

2 

A 






10 

015 

030179 -3211 

15402 

252-14500-3 

2 

A 

*5 





lA 

038 

050179 -3255 

15654 

255-03170-2 

2 

A 

G 

31 

04 



10 

035 

06017® -26*9 

15523 

255-03190-2 

2 

A 

G 

4^ 

-04 
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psto^ITy a r,cni(0(i) conTIniipo 


S^SSit ** 

^ ^OOR QUAUTy 


a 

FP 

o>atE LAT 

LQMG 

day HMMM TPP 

PR 

STATUS 

POS FPP 

10 

0?9 

070179 -3014 

16042 

256-14240-3 

2 

A 

6 


IP 

104 

050179 -3316 

14756 

257-03530-2 

? 

A 

0 

25 12 

1® 

035 

090179 -?6S5 

1525® 

255-14590-3 

2 

A 



19 

036 

090179 -3303 

15125 

258-15010-3 

2 

A 



10 

137 

110179 -3241 

15902 

240-03100-2 

2 

A 

6 


10 

135 

11017® -2635 

15732 

260-03110-2 

2 

A 

b 

52 -41 

10 

033 

130179 -2701 

15914 

262-14330-3 

2 

4 

0 


10 

034 

130179 -330® 

15742 

262-14350-3 

2 

A 

A 


15 

311 

140179 -3023 

15352 

263-14520-3 

2 

A 



15 

312 

140179 -3630 

15216 

263-14540-3 

2 

A 



Q 

057 

16017® -3156 

16036 

265-03020-2 

2 

A 

0 

00 00 

9 

055 

160179 -2550 

15907 

265-03040-2 

2 

A 

0 

00 00 

19 

05® 

17017® -3059 

15552 

266-03200-2 

2 

A 

G 

51 -36 

10 

045 

150179 -2714 

16056 

267-14260-3 

2 

A 

6 


10 

rfc® 

15017® -3321 

15924 

267-14270-3 

2 

A 



15 

151 

190179 -3612 

14913 

268-03550-2 

2 

A 

5 

23 -26 

10 

115 

19017® -3027 

15537 

268-14440-3 

2 

A 

6 


10 

444 

210179 -?®43 

16142 

270-02560-2 

2 

A 

6 


11 

230 

230179 -3311 

15249 

272-03310-2 

2 

A 



11 

225 

23017® -2705 

15120 

272-03330-2 

2 

A 



1« 

036 

23017® -2719 

16149 

272-14200-3 

2 

A 



IP 

043 

24017® -36.38 

14910 

273-03490-2 

2 

A 

8 

31 09 

1* 

049 

240179 -3025 

15624 

273-14390-3 

2 

A 



IS 

050 

240179 -3632 

15440 

273-14400-3 
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